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INTRODUCTION. 


SCOPE  AND  VALUE  OF  BLOOD  EXAMINATION. 

HEMATOLOGY  has  now  established  for  itself  a  definite  field  of 
usefulness  in  the  practice  of  medicine.  It  has  solved  some  prob- 
lems where  least  was  hoped  from  it,  and  given  us  disappointingly 
little  help  where  great  expectations  had  been  aroused.  We  might 
have  expected  from  it  some  light  on  the  nature  of  rheumatism,  fu- 
runculosis,  uraemia,  diabetes,  but  none  has  come. 

On  the  other  hand,  who  could  have  hoped  that  it  would  help  us:^ 
in  the  diagnosis  of  central  pneumonia,  of  deep-seated  suppurations, 
and  of  trichinosis,  or  in  the  prognosis  of  relapsing  fever  or  of  pneu- 
monia? 

There  are  probably  not  more  tnan  five  or  six  diseases  in  which 
the  blood  examination  gives  us  the  diagnosis  ready-made,  but  there 
is  a  very  considerable  number  of  conditions  in  which  the  blood  ex- 
amination will  help  us  to  make  it.  Not  pathognomonic  signs,  but 
links  in  a  chain  of  evidence  are  what  we  ai-e  to  expect  from  blood 
examination.  Very  often  the  simple  discovery  that  the  blood  is 
normal  may  be  a  fact  of  the  greatest  value  in  diagnosis. 

On  the  whole  it  seems  to  me  that  the  examination  of  the  blood 
gives  evidence  similar  in  kind  and  not  much  inferior  in  value  to 
that  obtained  by  examination  of  the  urine.  Both  methods  of  ex- 
amination give  us  (a)  a  ready-made  diagnosis  in  a  few  diseases ;  (/>) 
side  lights  on  a  good  many  obscui'e  conditions;  and  (c)  the  fre- 
quently great  assistance  of  a  negative  report.  In  certain  wards  of 
the  Massachusetts  General  Hospital  it  has  been  for  some  years  the 
rule  to  examine  the  blood  of  every  patient  as  a  matter  of  routine 
at  the  time  of  entrance.  In  a  small  proportion  of  cases  this  gave 
negative  evidence  only;  in  a  much  larger  proportion  it  materially 
assisted  in  the  making  of  a  diagnosis. 

Improvements  in  technique  have  lessened  the  labor  and  increased 
the    accuracy  of  blood   examination.     The   most   important  facts. 
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about  the  blood  of  nearly  every  case  can  be  obtained  by  a  practised 
observer  in  fifteen  minutes. 

The  blood  is  the  only  tissue  that  we  can  study  easily  during  the 
life  of  the  patient.  Its  relations  to  all  other  tissues  are  such  that 
it  is  typical  of  them  all  in  a  way  that  no  other  tissue  is,  acting  on 
all  and  being  acted  on  by  all.  As  yet  we  have  studied  chiefly  its 
morphology,  and  from  that  single  aspect  obtained  most  of  the  clini- 
cally valuable  information  which  we  possess  about  it.  But  the 
field  of  the  blood  chemistry  is  in  many  respects  even  more  promis- 
ing at  the  present  time,  and  thei-e  seems  reason  to  believe  that  the 
study  of  the  blood  is  still  in  its  infancy  and  will  take  a  higher  place 
in  the  future  as  an  aid  to  diagnosis,  prognosis,  and  treatment. 

Like  all  methods  of  physical  examination  it  has  especial  useful- 
ness when  we  cannot  communicate  with  a  patient,  either  by  reason  of 
his  unconsciousness,  stupidity,  or  insanity,  or  because  he  speaks  no 
widely  used  language.  In  such  cases  the  detection  of  marked  ame- 
mia,  leucocytosis,  eosinophilia,  a  typhoid  serum  reaction,  or  a  mal- 
arial organism  may  be  of  great  assistance.  Malingering  is  made 
more  difficult  by  it,  and  in  the  differentiation  of  organic  from  func- 
tional disease  it  is  often  very  helpful.  There  is  no  febrile  disease 
on  which  it  may  not  throw  light. 

The  evidence  for  these  and  many  other  aids  furnished  by  the 
blood  examination  in  clinical  work  is  given  in  the  later  chapters  of 
this  work. 
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THE  BLOOD. 


CHAPTER  I. 


Confining  ourselves  to  the  clinically  available  processes  by 
which  we  can  gain  information  of  diagnostic  or  prognostic  value, 
blood  examination  at  the  present  time  embraces  the  following  proc- 
esses. 

1 .  Estimation  of  the  total  volume  of  the  blood  and  of  its  oxygen 
capacity. 

2.  Examination  of  the  fresh  blood  (with  or  without  a  warm 
stage). 

3.  C/Ounting  the  red  and  the  white  corpuscles. 

4  Estimation  of  the  amount  of  coloring  matter. 
5.  Examination  of  dried  and  stained  specimens. 
0.  Bacteriological  examination  of  the  blood. 

7.  Examination  of  the  serum.* 

8.  Estimation  of  the  coagulation  time. 
Ijess  impoi-tant  are : 

9.  Estimation  of  voliune  of  corpuscles  and  of  plasma  in  a  given 
quantity  of  blood. 

10.  Estimation  of  the  specific  gravity  of  the  blood. 

11.  Estimation  of  the  number  of  blood  plates. 

12.  Estimation  of  the  amount  of  fibrin. 

To  describe  these  ])rocesses  in  detail  is  the  purpose  of  the  next 
chapters. 

I.    Estimation  of  the  Total  Volume  ob  Mass  of  Blood. 

Until  recent  years  the  determination  of  the  total  mass  of  the 
blood  has  been  practically  teyond  our  reach,  and  our  blood  exami- 
nations have  dealt  wholly  with  small  "samples"  drawn  from  the 

'  See  Chapter  xiii.  of  Book  II. 
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periphery  and  treated  as  typical  of  the  rest  without  regard  to  any 
possible  variations  in  the  total  amount  of  blood  in  the  vessels. 

But  recently  Haldane  and  Smith,  in  three  important  and  inter- 
esting papers, '  have  suggested  and  applied  a  method  which,  if  it 
stands  the  test  of  time  and  criticism,  will  add  very  materially  to 
our  knowledge  of  blood  physiology  and  blood  pathology. 

The  essential  features  of  their  method  are  as  follows : 

1.  The  patient  inhales  a  measured  volume  of  CO  (a  harmless 
and  not  unpleasant  process).  After  two  or  three  minutes  a  few 
drops  of  blood  are  taken  for  analysis  and  the  percentage  to  which 
the  haemoglobin  has  become  saturated  with  carbonic  oxide  is  esti- 
mated (by  the  carmine  method,  see  reference  at  foot  of  page) . 

2.  Knowing  the  amount  of  CO  inhaled,  and  the  degree  in  which 
the  blood  has  become  saturated  by  this  known  amount,  the  quantity 
of  CO  capable  of  being  taken  up  by  the  whole  of  that  patient's 
blood  can  be  calculated.  Thus,  supposing  that  the  volume  of  car- 
bonic oxide  delivered  was  150  c.c,  and  that  the  blood  was  twenty- 
live  per  cent  saturated,  it  is  obvious  that  the  blood  would  have  been 
one  hundred  per  cent  saturated  by  GOO  c.c.  Its  total  capacity 
for  CO  (or  for  oxygen)  is  600  c.c. 

.S.  How  then  shall  we  connect  this  estimate  of  total  oxygen 
cnpa^itij  with  the  volume  of  the  blood  ?  In  a  previous  research  the 
writers  showed  that  the  oxygen  capacity  per  100  c.c.  of  any  given 
sample  of  blood  can  be  accurately  estimated  by  comparing  its  color 
with  the  color  of  an  equal  samj)le  of  ox  blood  whose  capacity  for 
oxygen  has  been  previously  determined.  For  example,  a  patient 
having  absorbed  100  c.c.  of  CO,  it  is  found  that  his  blood  is  one-fifth 
saturated  by  this  gas.  The  total  capacity  for  CO  (and  so  for  oxy- 
gen) is  therefore  500  c.c.  But  further,  the  patient's  blood  is  found 
to  have  the  same  color  as  an  ox's  blood  every  100  c.c.  of  which 
has  Ik'ou  previously  determined  to  l)e  capable  of  taking  up  20  c.c. 
of  oxyjjjen.  The  patient's  total  oxygen  capacity  (500  c.c.)  divided 
by  thi*  oxygen  capacity  of  every  100  c.c.  of  his  blood  (20)  gives  us 
2.").  This  figure  is  thou  the  number  of  hundreds  of  cubic  centi- 
metres of  hlood  ill  his  body — 2,500. 

Smith  has  now  a}>j)lie(l  this  method  to  over  one  hundred  cases, 
and  found  it  to  })r()duce  no  appreciable  ill-effects  on  the  patient. 
As  the  result  of  these  studies,  he  estimates  the  average  volume  of 

'  1.  Journal  of  Physiology,  xxii..  p  232  2  Journal  of  Physiology. 
^xv  .  J)   8:n.     \)    Transactions  of  tho  Pathological  Society,  1900.  vol.  li 
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blood  in  health  as  3^240  c.c.  or  3,420  gm.  The  latter  figure  is 
obtained  by  means  of  the  average  specific  gravity  of  normal  blood 
(taken  as  1.055).  In  the  fourteen  normal  cases  studied  the  blood 
mass  varied  from  2,830  to  4,550  gm.  or  ^  to  ^  the  body  weight, 
but  was  never  as  large  as  had  previously  been  estimated  (^'j). 

In  chlorosis.  Smith  found  that  the  apparent  diminution  in  hae- 
moglobin was,  in  fact,  due  to  the  great  increase  in  the  plasma  of 
the  blood  (serous  plethora),  the  total  oxygen  capacity  or  haemoglobin 
remaining  normal.  In  pernicious  anaemia,  on  the  other  hand,  the 
amount  of  plasma  is  sometimes  increased  and  sometimes  dimin- 
ished, but  the  oxygen  capacity  or  haemoglobin  is  always  low.  These 
observations  will  be  referred  to  again  later  (see  page  123). 

II.  Examination  op  the  Fresh  Blood. 

(a)  Pinicture, — In  all  the  processes  about  to  be  described  (ex- 
cept the  bacteriological  examination)  the  first  step  is  as  follows : 

Gently  cleanse  the  lobe  of  the  patient's  ear  with  a  damp  cloth 
and  then  dry  it.  All  vigorous  rubbing  or  kneading  is  to  be  avoided. 
Attempts  to  sterilize  the  skin  or  to  cleanse  it  with  alcohol  and  ether 
are  a  waste  of  time.  A  small  lancet  or  a  bayonet-pointed  surgical 
needle  may  be  used ;  a  sewing  needle  gives  more  pain  and  draws  less 
blood  from  a  given  depth  of  punctui*e.  A  steel  pen,  with  one  nib 
broken  off,  makes  a  good  lancet.  The  needle  need  not  be  stei-ile. 
In  several  thousand  blood  counts  made  at  the  Massachusetts  Gen- 
eral Hospital  since  1893  the  needles  have  never  been  sterilized  and 
no  signs  of  sepsis  have  been  seen  in  any  case. 

Possibly  this  is  due  in  part  to  the  fact  that  the  next  step  in  the 
process  after  the  puncture  has  been  made  is  always  to  wipe  away 
four  or  five  successive  drops  as  they  emerge.  This  serves  not  only 
to  get  the  blood  flowing  freely,  but  also  to  wash  the  ear  in  its  own 
blood. 

The  puncture  is  best  made  into  the  lower  surface  or  edge  of  the 
lobe,  which  is  steadied  with  the  fingers  of  the  left  hand.  A  very 
quick  stroke  gives  least  pain,  the  hand  rebounding  like  a  piano 
hammer.  If  the  skin  of  the  lobe  is  stretched  tight  with  the  fingers 
of  the  left  hand  so  that  no  "give"  is  possible,  the  quick  puncture 
gives  hardly  any  pain.  I  have  repeatedly  taken  blood  from  a 
sleeping  child  without  waking  it.  What  hui-ts  the  patient  is  the 
mistaken  tenderness  that  ^lov^ly  jtressestha  needle  through  the  skin. 
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The  puncture  must  be  deep  enough  to  make  the  blood  flow  freely 
and  without  strong  pressure,  after  it  is  once  started  by  pressing  out 
a  few  drops  Blood  squeezed  out  with  strong  pressure  should  never 
Ik*  used  for  counting,  as  it  may  be  considerably  diluted  with  fluid 
from  the  neighboring  tissues.*  If  the  skin  is  modemtely  thin  and 
the  ear  easily  made  hyperaemic,  a  puncture  one-eighth  of  an  inch 
deep  is  sufficient  With  thick,  bloodless  skin  it  may  be  necessary 
to  go  in  one-cjuarter  or  one-third  of  an  inch — never  more  Beware 
of  bleed f^rs  I  have  seen  bleeding  from  a  puncture  made  for  a  blood 
count  which  could  not  be  checked  for  three-(iuarters  of  an  hour. 
It  is  always  safer  to  ask  after  a  history  of  hsemophilia  as  a  matter 
of  routine  before  taking  blood,  just  as  one  asks  aft^r  false  teeth  be- 
fore etherizing.  If  there  is  a  history  of  hsemophilia,  a  mere  touch 
of  the  needle  point  will  give  us  all  the  blood  we  need  without  em- 
barrassing us  with  a  troublesome  hemorrhage 

There  is  no  question  as  to  the  superiority  of  the  ear  over  the 
finger  for  drawing  the  drop  The  ear  is  less  sensitive  than  the 
finger,  iind  a  slighter  ])uncture  gives  us  all  the  blood  we  need 
Moreover,  it  is  a  distinct  advantage,  especially  in  children,  that  the 
patient  cannot  watch  tlie  puncture  of  the  ear,  or  the  preparations 
for  making  it,  and  cannot  easily  withdraw  the  part  A  sleeping 
patient  often  needs  to  be  roused  to  get  at  his  finger,  while  his  ear  is 
usually  easily  accessible  al)ove  the  bed  clothes.  Again,  the  absence 
of  any  bony  prominence  against  which  to  press  makes  us  less  likely 
U)  use  too  much  pressure  than  if  we  puncture  the  finger. 

When  one  is  making  frequent  examinations  of  the  blood  of  a 
sensitive  ])erson,  as  in  pneumonia,  these  details  are  of  real  impor- 
tance, and  in  cases  of  pernicious  anaemia  in  which  the  previous 
attempts  to  get  blood  from  the  finger  had  l)een  absolute  failures,  I 
have  found  no  difficulty  in  getting  it  from  the  ear.  In  this  disease 
the  advantages  of  the  ear  over  the  finger  are  peculiarly  great. 

Prfjiftrafiofi  of  Trinporanj  Specimens  for  Immediate  Examination. 

{h)  When,  after  wiping  away  the  first  four  or  ?iVQ  drops,  a  good- 
sized  drop  exudes  spontaneously,  touch  the  centre  of  a  perfectly 
clean  cover-glass  against  the  summit  of  the  drop  without  touching 
thi'  skin  itself  (tt  all^  and  drop  the  cover-glass  face  downward  upon 
a  slide  so  that  the  force  of  the  impact  will  help  to  spread  the  drop 
of  blood  thinly  and  evenly  l>etween  slide  and  cover.  It  is  recom- 
'  Moderate  ])rossure  prcMhices  no  error  of  importance. 
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mended  by  Ehrlicli  and  others  to  hold  the  cover-glass  with  forceps, 
but  there  is  no  harm  in  holding  it  with  the  fingers,  provided  we  avoid 
touching  either  of  its  surfaces,  i  e  ,  hold  it  always  as  in  Fig   1  ' 

Slide  and  cover  must  be  perfectly  clean,. else  the  blood  will  not 
spread  out  in  a  layer  thin  enough  to  avoid  the  corpuscles  overlying 
each  other  so   that   not   one   of   them  is 

clearly  seen.     Further,  as  dirt  simulates         r^^""^^^ 

fairly  closely  some  of  the  pathological  ap-      /  K^^ 

I)earances  for  which  we  are  on  the  look-    /  / 

out,  its  presence  on  the  slide  leads  to  loss  ^ ^ 

of  time  or  to  mistaken  conclusions.    Cover-  /^ 

glasses,  as  they  come  from  the  shops,  may  V^^    ) 

be  coated  with  a  substance  not  easily  to  ^^^ 

be    removed.      To  get  them  really  clean   fig.  i.- Proper  Method  of  noid- 

nothing  is  so  simple  as  or  more  effective 

than  soap  and  water.  After  several  years'  use  of  the  method 
of  cleaning  usually  advised  (viz.,  strong  mineral  acid,  followed 
by  alcohol  and  then  by  ether),  I  have  become  converted  to  the 
use  of  plain  soap  and  water  as  the  best  and  simplest  way  of 
cleaning  slides  or  cover-glasses.  Rub  soap  over  every  part  of  the 
glass,  wash  it  off  with  water,  and  polish  thoroughly  with  a  clean 
handkerchief  (most  towels  are  apt  to  leave  a  scrap  of  lint  on  the 
glass).'  If  slide  and  cover  are  i)erfectly  clean,  are  held  as  in  Fig. 
1,  and  allowed  to  touch  only  the  summit  of  the  blood  drop  and  not 
the  skin,  the  blood  will  spread  out  properly  between  them,  and  no 
pressure  on  the  cover-glass  will  be  needed  to  make  the  layer  of  cor- 
puscles thin  enough.  Pi-essure  is  undesirable,  as  it  often  makes  all 
sort«  of  artefacts  in  the  preparation  and  hastens  crenation  of  the 
red  corpuscles.  Better  results  are  obtained  if  slide  and  cover  are 
irarmed  just  before  using,  and  it  is  well  to  have  an  assistant  nib  the 
slide  vigorously  with  a  towel  just  before  it  is  used. 

This  method  is,  of  course,  applicable  only  to  specimens  to  be 

^  I  am  not  unmindful  of  Ehrlicirs  warning  that  the  moisture  of  the  fingers 
si>oils  the  specimen;  but  in  practice  I  do  not  find  it  to  be  true  except  as  re- 
gards the  margin  of  the  film,  the  good  preservation  of  which  is  not  eSvSential. 
Only  the  thinnest  cover-glasses  in  the  market  should  be  used,  i  inch  is  the 
best  size. 

*  Further  experience  has  convinced  me  that  water  alone  is  general!}'  suffl 
cient,  provided  the  polishing,  which  is  the  chief  factor  of  success,  is  thorough. 
Tissue  paper  is  very  useful  for  polishing  cover-glasses.     After  polishing,  it  is* 
well  to  pass  them  through  a  Bunsen  or  alcohol  fiame  once  or  twice. 
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immediately  examined.     Specimens  which  are  to  be  transported  oi 
preserved  should  be  prepared  as  directed  on  page  39. 

Prevention  of  Cell- Death, 

Slides  so  prepared  are  usually  best  examined  with  a  one-twelfth 
oil-immersion  lens.  As  a  rule  they  keep  long  enough  for  purposes 
of  examination  without  any  further  precautions,  but  if  we  desire  to 
keep  the  blood  fresh  and  uncoagulated  for  a  longer  period,  it  is  best 
to  exclude  air  in  this  way:  Paint  upon  the  slide  with  vaseline, 
cedar  oil,  or  any  gummy  substance  a  hollow  square  or  ring  of  about 
the  size  of  the  cover-glass,  so  that  when  the  latter  with  its  drop  of 
blood  is  put  down  upon  the  slide  the  drop  will  spread  out  inside  the 
ring  of  oil,  which  seals  the  margins  of  the  cover-glass  to  the  slide. 
Specimens  so  prepared  will  keep  for  many  hours  unchanged,  and 
without  crenation  or  coagulation,  if  the  weather  is  warm  or  if  the 
slide  be  kept  in  a  warm  place. 

In  examining  blood  suspected  of  containing  malarial  parasites  it 
is  sometimes  useful  to  put  the  whole  microscope  into  one  of  the 
warming  apparatuses  devised  for  the  purpose.  This  is  better  than 
any  of  the  various  kinds  of  wai*m  stage  in  use,*  but  in  clinical  work 
there  is  rarely  if  ever  any  need  for  artificial  heating  apparatus  of 
any  kind,  provided  the  room  and  the  slide  are  warm. 

What  Can  he  Learned  from  Fresh  Blood. 

In  the  first  place  we  note  the  readiness  or  sluggishness  of  its 
flow  from  a  puncture  of  standard  depth.  The  blood  flows  more 
readily  than  usual  in  the  following  conditions : 

1  Peripheral  congestion  or  vaso-dilatation. 

2  Exaggerated  fluidity  of  the  blood  (chlorosis,  some  types  of 
anaemia,  and  haemophilia). 

It  flows  sluggishly: 

1.  After  })rofuse  hemorrhage  or  serous  drain  (cholera). 

2.  In  certain  cases  of  extreme  anaemia — e  g  ,  emaciated  cancer 
cases. 

3.  Vasomotor  spasm  (cold,  hysteria,  Raynaud's  disease,  uraemia 
• — certain  eases). 

4.  Exaggerated  coagulability 

Examination  of  the  fresh  blood  by  the  method  described  above 
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is   also   a    good   way   for  ascertaining    the    presence   or  absence 
of— 

1.  The  Plasmodium  malarise 

2.  The  Spirochaete  of  relapsing  fever 

3.  The  Filaria  sanguinis  hominis  and  the  Trypanosoma. 

4.  Rouleaux  formation  among  the  red  cells. 

It  is  also  a  quick  and  convenient  method  of  finding  out  with  ap- 
proximate accuracy : 

(a)  Whether  the  blood  contains  an  inci'eased  amount  of  fibrin; 

((*)  Whether  any  considerable  anaemia  or  leucocytosis^  is  present; 

(/•)  WTiether  gr  not  the  amount  of  haemoglobin  in  the  red  cells 
is  much  decreased; 

(r/)  Whether  the  red  corpuscles  are  deformed ; 

{**)  Whether  the  "blood  plates  "  are  increased  or  not.  A  prac- 
tised observer  can  also  make  a  diagnosis  of  leukaemia  by  this  method 
in  most  cases,  but  here  mistakes  may  easily  occur. 

So  much  can  sometimes  be  learned  from  a  specimen  prepared  in 
this  very  quick  and  easy  way  that  it  should  be  as  much  a  matter  of 
routine  as  a  urine  examination.  But  in  order  to  get  any  information 
from  such  a  preparation  we  must  previously  have  familiarized  our- 
selves with  the  appearance  of  normal  blood  under  such  conditions — 
with  the  size,  shape,  color,  and  refractions  of  the  red  cells,  white 
cells,  and  blood  plates  and  their  ratio  to  one  another,  and  with  the 
great  variety  of  curious  phenomena  to  be  seen  as  a  drop  of  blood 
gradually  dries  up  between  slide  and  cover.  No  book  can  teach 
this ;  it  must  be  learned  by  actual  experiment. 

Some  of  the  commoner  sources  of  error  will  be  referred  to  later. 
Here  I  will  mention  only  the  Brownian  movement  in  the  protoplasm 
of  the  corpuscles,  to  be  distinguished  clearly  both  from  the  amcBboid 
movements  of  the  leucoc3rtes  or  of  the  malarial  pai*asite  and  also 
from  the  irregular  contractions  of  the  dying  protoplasm,  which  give 
rise  to  pseudo- amoeboid  motions  in  the  crenated  points  of  normal 
red  cells  or  in  the  irregular  projections  of  cori)uscles  deformed  by 
di.sea.se  (vide  infra). 

For  a  more  detailed  description  of  normal  red  corpuscles,  white 
corpu.scles,  and  blood  plates  the  reader  is  referred  to  Part  II. 

An  account  of  the  pathological  changes  to  be  observed  in  the 
fresh  blood  will  be  given  in  later  chapters. 

'  More  accurately  it  is  only  the  ratio  of  red  to  white  corpiLScles  that  we 
can  determine,  and  when  the  red  are  very  much  diminished  in  number  we 
may  l>e  deoeiveil  into  supposing  that  the  wliite  are  increased. 


CHAPTER  II. 


COUNTING  THE  CORPUSCLES. 


I.  The  Thoma-Zeiss  counter. 

II.  Durham's  modified  counter. 

I.  Out  of  the  many  instniments  devised  for  this  purpose  that  of 
Thoma-Zeiss    with    Zappert's    modified    ruling  of  the    counting 

chamber  is  the  best,  and  much 
the  most  commonly  used.'  In 
the  use  of  this  instrument  thei-e 
are  five  steps  or  stages : 

1.  Puncturing  the  ear. 

2.  Diluting  and  mixing  the 
blood  thus  obtained. 

8.  Adjusting  a  drop  of  di- 
luted blood  in  the  counting- 
(•haml)er. 

4.  Counting  the  corpuscles. 

5.  Cleaning  the  pipette. 
To  count  the  white  cori)us- 

cles,  an  instrument  diffei-ent 
from  that  employed  for  the  red 
is  often  used. 

The  technique  is  neai-ly  the 
same  for  both  instruments,  but 
for  clearness'  sake  I  shall  de- 
scril)e  them  separately.  To 
save  time  I  shall  call  the  small- 
bore pipette  used  for  red  cor- 
puscles (Fig.  2,  A)  the  **red 
C()unt4?r,"  and  the  lai'ge-boi'e 
pil)ette  (Fig.  2,  E)  the  "white 
counter. " 
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Fig.  2.— Thoma-Zeiss  Pipettes.    A.  For  rt»d  cor- 
puscles ;  B,  for  while  c(»rpu8cle«. 

*  The  various  modifications  introduced  from  time  to  time  do  not  seem  to 
me  to  present  advantages  sufficient  to  make  them  deserve  to  displace  the 
oridnal  instrument. 
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Counting  the  Red  Corpuscles 

(a)  After  puncturing  the  ear  as  above  described,  and  as  soon  as 
the  blood  is  flowuig  freely,  put  the  point  of  the  "  red  counter  "  into 
the  drop  as  it  emerges  from  the  ear,  and  by  sucking  gently  on  the 
rubber  tube  attached  to  the  other  end,  draw  up  blood  to  the  mark 
0.5  on  the  pipette.     It  is  convenient  to  rest 
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the  end  of  the  pipette  on  the  thumb  as 
sliown  in  Fig.  3.  It  needs  some  practice 
to  stop  exactly  at  the  maik,  but  if  we  hap- 
pen to  draw  the  blood  up  a  little  past  the 
mark  0.5  no  considerable  error  results,  pro- 
vided we  draw  the  column  down  again  to  ,| 
the  mark  by  tapping  the  point  of  the  pipette 
on  a  towel,  and  provided  also  that  the  in- 
strument is  perfectly  clean  and  dry.  The 
aim  and  intention,  however,  should  always  fio.3.— MetbodofRestinffPoint 
l)e  to  stop  exactly  at  the  mark  0. 5,  and  with     2'  ^fT  °S.!?!.'^""**  '^'*"'' 

^  '^  '  Sucking  In  Blood. 

a  little  practice  we  can  do  it,  except  with 

nervous  or  delirious  patients,  and  those  who  carelessly  move  the 

head  just  at  the  critical  moment.     With  such  patients  we  usually 

have  to  content  ourselves  vrith  drawing  the  blood  a  little  beyond 

the  mark  0.5  and  then  drawing  it  down  again  to  the  mark  as  above 

described. 

IXlutinf/  the  Blood. 

(it)  The  bottle  of  solution  to  be  used  for  diluting  the  blood 
should  be  ready  uncorked  at  the  bedside.  Of  the  many  solutions 
suggested  by  various  authors  none  is  better  than  Gower^Sy  the  for- 
mula for  which  is  as  follows : 

Sodii  sulphat gr.  112 

Acid,  acet 3  v. 

Aquae 5  iv. 

Toisson's  solution  is  also  veiy  useful  and  stains  the  white  cor- 
puscles so  that  they  can  be  easily  distinguished  from  the  red.  Its 
composition  is  as  follows ; 

Methyl  viok't,  5B 0.025  gm. 

Sod.  chlor 1.000    " 

Sod.  sulph 8.000    " 

Neutral  glycerin 30.000  cm. 

Aqucedestill 160.000    " 
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We  mast  wait  aboat  ten  minutes  after  mixing  before  the  leacoejtes 
are  folly  stained.  Except  for  this  delay,  the  only  objection  to  this 
solution  is  that  it  is  rather  difficult  to  clean  the  pipette  after  using 
it.  If  the  white  cells  are  counted  with  another  pipette  the  staining 
fluid  can  be  as  well  dispensed  with. 

Into  a  bottle  of  one  of  these  solutions,  ready  at  the  bedside,  the 
point  of  the  pipette  is  to  be  plunged  as  soon  as  the  blood  has  been 
drawn  up  to  the  point  0.5  and  the  outside  of  the  pipette  wiped  clean 
of  blood.  Suction  is  then  exerted  through  the  rubber  tube  the  in- 
stant  the  point  of  the  pipette  is  below  the  surface  of  the  diluting 
solution.  This  suction  is  continued  until  the  diluted  blood  has 
tilled  the  bulb  of  the  pipette  and  gone  past  it  up  to  the  point 
marked  101.  It  is  not  difficidt  to  stop  at  this  point,  provided  the 
pipette  is  perfectly  clean  and  dry  inside.  Otherwise  it  is  impos- 
sible. Should  any  mishap  occur  at  this  point,  the  whole  process 
must  be  begun  over  again  after  carefully  cleaning  and  drying  tho 
pipette.  If  no  accident  hap]>ens  and  the  mixture  is  sucked  up  to 
and  not  past  the  mark  101,  we  have  diluted  the  blood  with  two 
hundred  times  its  bulk  of  neutral  solution.  If,  instead  of  drawing 
the  blood  up  to  the  mark  0.5,  we  draw  it  as  far  as  the  point  marked 
1,  and  then  dilute  as  above  described,  the  mixture  will  be  1  to  100. 
Some  observers  habitually  use  this  dilution.  The  objections  to  it 
are  (1)  That  if  the  blood  is  accidentally  drawn  up  too  far  («.<'., 
past  the  mark  1)  we  cannot  draw  it  down  again  but  must  painfully 
dean  and  dry  out  the  pipette  (see  page  18)  and  repeat  tlie  proc- 
ess. (2)  If  the  blood  contain  approximately  the  normal  number 
of  corpuscles,  they  will  be  so  crowded  when  adjusted  on  the  ruled 
surface  of  the  disc  A  that  it  is  moi-e  difficult  to  count  them.  If  we 
VLSf'  another  pi])etti*  for  the  white  C()r})useles,  the  dilution  of  1 :  100 
has  no  a<lvaiitage  to  counterbalance  these  drawbacks. 

While  sucking  in  the  diluting  solution,  it  is  well  to  roll  the 
j)ijiett4*  on  the  long  axis  with  the  fingers  of  the  hand  which  holds  it 
in  the  diluting  fluid.  This  mixes  the  blood  instantly  and  prevents 
any  oH  it  from  floating  on  the  top  of  the  solution  and  thereby  com- 
ing up  undiluted  into  the  narrow  ]>ortion  above  the  bulb  of  the 
pipett*',  where  it  might  possibly  escape  thorough  mixing.' 

Next  we  th(jroughly  mix  the  blood  iuul  diluting  fluid  by  shaking 
and  rolling  the  j)ipette,  its  ends  being  closed  by  the  fingers.     The 

'  (*are  must  b(!  taken  that  no  saliva  tiuds  its  way  through  the  rubber  tube 
and  into  the  pipette.     Nrvrr  blow  through  the  rubber  tube. 
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little  glass  ball  within  the  bulb  helps  this  process  materially.  A 
iiiinute's  brisk  rolling  and  shaking  is  as  good  as  five  minutes' ,  as  I 
have  convinced  myself  by  many  experiments,  and  the  distribution 
of  the  corpuscles  throughout  the  mixture  is  very  even,  provided 
there  is  no  delay  in  proceeding  to  the  next  step,*  viz. : 

(c)  Adjusting  a  Drop  of  Diluted  Blood  in  the  Counting  Chamber, 
— Remove  the  rubber  tube  from  the  pipette  and  blow  out  the  por- 
tion of  diluting  solution  which  last  entered  the  pipette,  and  which 
consequently  has  not  been  thoroughly  mixed  with  the  blood  in  the 
bulb.     Five  or  six  drops  should  be  blown  out  before  any  is  used  for 

B 


Pio.  4.— Tboma-Zelis  Counting  Slide.    A^  Ruled  dlae ;  B,  oover-fflus :  C,  moat. 

examination.  Next,  put  upon  the  surface  of  the  counter  (A,  Fig.  4) 
a  drop  of  such  size  that  when  the  cover-glass  (B)  is  let  down  over  it, 
the  whole  of  the  disc  A  is  covered  with  the  drop  without  any  being 
spilled  into  the  "  moat "  (C)  around  it.  Just  how  large  such  a  drop 
should  be,  can  be  learned  only  by  practice.  It  is  not  literally 
necessary  that  exactly  the  whole  disc  A  should  be  covered,  provided 
nine- tenths  of  it  is  covered,  but  any  spilling  over  into  the  "moat" 
(C)  entails  serious  error.* 

After  the  cover-glass  has  been  let  down  upon  the  drop,  we  should 
be  able  (provided  the  whole  instrument  is  clean)  to  see  concentric 
rainbow  rings  between  the  cover-glass  and  the  body  of  the  instrument. 
These  are  known  as  Newton's  rings,  A  little  pressure  with  a  needle 
on  the  cover-glass  will  often  bring  them  out  if  they  do  not  at  once 
appear,  but  they  must  remain  visible  after  the  pressure  is  taken  off. 
Otherwise  we  know  that  there  must  be  some  dirt  or  dust  under  the 
cover-glass  preventing  its  settling  exactly  into  position,  and  this  will 
cause  error  in  the  count,  though  not  a  very  considerable  error  in 
most  cases.  (To  see  Newton's  rings  we  should  get  our  eyes  near 
to  tlie  level  of  the  counting  chamber  so  that  the  light  from  window 
or  lamp  is  reflected  from  the  surface  of  the  cover- glass. ) 

'  If  wc  have  to  pause  before  going  on  to  the  next  step,  we  must  take  care 
to  roll  and  shake  the  pipette  again  when  ready  to  proceed. 

'  In  accordance  with  Meissen's  suggestion  Zeiss  now  supplies  this  apparatus 
with  a  groove  in  the  glass  disc  outside  the  "moat.'*  whereby  communication 
is  c*8tablished  between  the  latter  and  the  external  air.  Thus  the  results  of 
counting  arc  made  independent  of  differences  in  atmospheric  pressure. 
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If  the  above  conditions  ave  uot  all  fulfilled,  the  instrumeut 
should  be  washed  and  another  drop  tried,  after  shaking  the  pipett« 
and  blowing  mit  a  few  drops  as  l)efore. 

The  cnvei'-glasa  must  be  let  down  as  soon  as  possible  after  the 
■drop  has  lieen  put  on  the  disc  A,  and  before  the  corpuscles  have 
time  to  settle.  It  is  best  to  let  it  down  with  a  needle  as  in  mount- 
ing microscopic  specimens. 

Counting, 
(d)  After  waiting  two  or  three  minutes  so  that  the  corpuscles 
may  settle  thoroughly  upon  the  space  ruled  off  on  the  disc  A,  "the 
whole  blood-covered  area  of  the  ruled  slide  should  be  examined  first 


['111.  S.-TlHHi»-Zr1nCaun(lD|iS<1ilr.    .-I ,  Kuled  dUr. 

by  low  power,  aJid,  no  matter  what  distribution  obtains  over  the 
ruled  squaie,  if  over  tlie  ivliole  field  the  cells  are  not  quite  uni- 
formly distiibuted,  the  slide  sliould  lie  cleaned  up  and  another 
drop  examined  "  (Emerson). 

If  the  distribution  seems  everywhere  uniform,  the  counting  is 
liegun,  rising  preferably  an  objective  5  of  Leitz  or  D  of  Zeiss  and  a 
Xo.  1  <ir  2  eyepiece. 

Tiie  centi-al  part  of  the  ruled  space  on  the  surface  of  Zappert's 
4-nuntiiig  dianilKM-  (A,  Fig.  5)  is  divided  into  four  hundred  squares, 
every  group  of  mxtcen  squares  being  enclosed  in  double  lines  to 
make  it  casii-r  to  know  how  many  squares  we  have  counted  (see  Fig. 
0).  Including  the  squares  with  double  lines  we  have  a  group  con- 
taining thirty -.six  small  squares,  a  group  convenient  to  count  at  one 
timf  IIS  it  just  alwut  fills  the  field  of  the  ol>jective  Leitz  No.  5,  ot 
Zt'iss  D  with  a  Xo,  U  eyepiece. 

To  avoid  considerable  error  we  should  count  the  corpuscles  in 
five  tields  ot  thirty-six  scjuai-cs  each,  such  as  is  shown  in  Fig  (J. 
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K  the  fields  in  vai-iuua  parta  <jf  tlit;  wholi-  rulwl  spac*.     Tli« 

matruuient  should  then  be  washed  •  ajid  the  whole  jnocess  lepeateu 

\i  a  sevoud  drop.     If  the  couiit  of  the  second  drop  differs  widflj- 

intm  that  of  the  first,  a  tliird  drop  shouhl  be  count*?d,  aiid  the  aver- 

[•  tulti-ii  of  thwKt  two  which  are  most  nearly  alike.     Thus  at  least 

direehuodred  ajul  sixty  small  mi  nai-es  should  be  counted;  with  such 

•  number  the  error  is  iiirt  over  three  jier  oent  for  practised  observers.' 

a  normal  blood  this  means  Roiuiting  about  2,100  corpuscles,  as  six 

m  seven  to  a  small  sipiare  j  c 

is  about  the  normal  average 

Kirben  we  are  using  a  dUu- 

f  tion  of  1 :  200  such  as  has 

pbren  deseribfd  (twelve   to 

fourteen    cells   jier   sijuare 

a  a  dilutiou  of  1:  100). 

Among  the  difficulties 

Pmcount«red  in  cnuiitinjf  is 

'  presence  of  a  few  cor- 

(I'lcs  on  or  touching  one 

r  more  of  the  lines  /luuii'l- 

ing  the  space  t«  be  eounk-d. 

we  oiiitnt  tliese    out 


In 


for 


.-  ITeW  .ir  Thlity-rfi  Squa 


counting, 
tance,  a  betd  like  that  ui 

.  6,  what  are  we  to  do  with  the  eells  whieli  sit  astride  tlie  lines 
,  MB,  etc.? 

To  get  round  this  ditticvilty,  it  is  best  to  make  it  a  ride  to  count 

I  tlie  corpuscles  on  or  touching  some  two  of  the  boundary  lines 

*.y.,  AA  and  BB)  and  to  take  no  notice  of  any  cell  on  or  touching 

;  linea  ('('  anil  DD.      In  this  way  the  exclusions  just  balance  the 

inclusions.     Of  course  n//  cells  uflfhin  these  outer  boundary  lines 

[■  to  Im!  C()iint4'd  whatever  their  position. 

Beyond  this  the  details  must  be  settletl  by  each  man  for  himself. 

1  habit  is  to  count  through  the  squares  in  the  order  indicated 

f  the  track  of  the  serpentine  arrow  in  the  act'onijianyiiig  Fig.  7, 

nil  to  count  by  twos  or  threes. 


e  only  waler — olccliol  dissohes  ILc  remcot  wUich  IioHs  llie  rnlwl  disc 
'  See  Rrlnerr*  "  ZBhliinR  iler  Bliitknrperebi-n."  Leipzig.  1601,  p.  «  it  »eq. 
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A  movable  stage  makes  the  coanting  easier,  especially  for  be- 
ginners. Either  natural  or  artificial  light  may  be  used,  with  a 
small  aperture  diaphragm,  and  if  the  instruments  are  clean  and  the 
diluting  solution  fresh  and  free  from  sediment,'  there  is  no  diffi- 
culty in  deciding  how  many  cells  each  square  contains,  and  no  ex- 
traneous fragments  to  be 
excluded^  We  must  dis- 
tinguish the  white  corpus- 
cles from  the  red,  not  by 
their  size  but  by  their 
stain  if  Toisson's  solu- 
tion is  used,  otherwise  by 
their  peculiar  shining 
look  when  the  lens  is 
drawn  up  so  as  to  put  the 
red  cells  slightly  out  of 
focus.  The  blood  plates 
are  not  noticeable  and 
lead  to  no  errors. 

When  the  number  of 

Fio.  7. -The  Arrow  Indicates  the  Order  In  which  the   corpuSClcs  in  360  squaies 
Squares  are  Counted.  ^  i.  .    j      ^^^ 

has  been  counted  the 
number  is  divided  by  360  and  multiplied  by  800,000  (i,e.,  by  200 
to  make  up  for  dilution  and  then  by  4,000,  because  each  square 
is  equivalent  to  xtjVtt  ^^  *  cubic  millimetre),  which  gives  us  the 
number  of  corpuscles  per  cubic  millimetre. 

These  figures  need  not  be  committed  to  memory,  for  we  have 
marked  on  the  instruments  used  all  the  data  necessary  for  the  cal- 
culation, ir.,  the  dilution  figui^es  on  the  pipette  and  the  area  and 
depth  of  a  single  square  on  the  counting  slide. 

(e)  The  importanc»e  of  cleaninfj  the  pipette  as  soon  as  the  count- 
ing is  done  is  so  great  that  it  should  be  reckoned  as  one  of  the 
regular  steps  on  uvt^y  count.  First  water,  then  alcohol,  and  lastly 
ether  must  be  suck(Ml  into  the  pipette  and  brought  into  contact  with 
every  part  of  the  bulb  and  tube.  After  this  air  must  be  sucked  or 
punijKMl  through  the  tube  until  it  is  perfectly  dry  and  the  glass  ball 
will  roll  about  freely  in  the  bulb  without  sticking  anywhere. 

These  precautions  take  but  two  or  three  minutes,  and  if  they  are 

'  Most  (lilutinjo:  solutions  precipitate  or  Accumulate  spores,  and  need  to  be 
freciuently  renewed  or  filtered. 
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omitted  and  the  blood  dries  in  the  pipette,  it  may  take  several 
hours'  work  to  get  it  clean.  Further,  if  it  is  not  thoroughly  dried 
after  cleaning,  the  mixing  of  the  blood  when  it  is  used  next  cannot 
be  done  accurately. 

The  first  three  steps  of  the  above  process  (*.«.,  the  obtaining, 
diluting,  and  mixing  of  the  blood)  must  be  done  as  swiftly  as  is 
compatible  with  accuracy,  but  when  once  the  blood  is  mixed  in  the 
pipette  it  can  be  kept  there  indefinitely  and  counted  at  leisure. 
None  of  the  corpuscles  are  destroyed  or  lost,  and  if  the  bulb  is 
thoroughly  rolled  and  shaken  up  whenever  we  are  ready  to  count 
the  blood,  no  error  results  from  keeping  it  twenty-four  hours  or 
more  in  the  pipette. 

It  is  not  necessary,  therefore,  to  carry  a  microscope  to  the  pa- 
tient's house  or  bedside;  the  pipette  and  the  diluting  solution  are 
all  that  we  need  to  take  with  us,  and  when  the  blood  is  mixed  in 
the  pipette,  the  latter's  ends  can  be  closed  with  a  rubber  band,  and 
the  blood  carried  home  and  counted  at  leisure.  The  pipette  should 
be  kept  approximately  horizontal  during  the  transit. 

CouxTixo  THE  White  Corpuscles. 

To  make  a  reasonably  accurate  count  of  white  corpuscles,  using 
the  "  red  counter  "  and  the  dilution  of  1 ;  100  or  1 :  200,  we  need  to 
count  an  immense  number  of  squares,  far  more  than  was  necessary 
in  estimating  the  red  cells — in  fact,  at  least  ten  times  the  whole 
ruled  space.  It  is  therefore  far  quicker  and  moi*e  accurate  to  use 
the  "  white  counter  "  or  large-bore  pipette  with  a  dihiting  solution 
which  renders  the  red  cells  invisible  and  leaves  only  the  white  to  be 
counted.  Such  a  solution  is  the  one-half  of  one-per-cent  solution 
of  glacial  acetic  acid  in  water.  With  this  the  white  corpuscles 
stand  out  very  clearly  and  the  red  can  barely  be  seen  at  all .  The 
technique  is  the  same  as  that  already  described,  with  the  following 
exceptions : 

1.  The  drop  of  blood  needed  is  nearly  three  times  as  large  as 
that  used  in  the  "  red  counter  " ;  it  is  about  as  big  as  can  be  made  to 
stay  on  the  ear  without  rolling  off,  even  if  we  draw  blood  only  to 
the  mark  0. 5.  If  we  draw  blood  to  the  mark  1,  as  advised  by  Tiirek, 
we  must  make  a  deeper  puncture  and  suck  in  the  blood  as  it  flows 
without  waiting  for  the  fonnation  of  drops. 

2.  The  bore  of  the  tube  being  large,  it  fills  and  empties  more 
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readily.  Hence  our  suction  must  be  gentler,  and  it  is  rather  harder 
to  stop  exactly  at  the  mark  11.  For  the  same  reason  the  diluted 
blood  will  run  out  of  the  pipette?  if  the  latter  is  not  kept  neai-ly 
horizontal,  and  the  bottle  of  diluting  solution  should  accordingly  be 
tipped  up  as  we  plunge  in  the  point  of  the  pipette,  so  that  the  latter 
is  depi-essed  as  little  and  for  as  shoi-t  a  time  as  possible  before  suc- 
tion begins. 

3.  Zapt)ei1;'s  modification  of  the  Thoma-Zeiss  counting  chamber 
should  be  used.  Zappert's  counting  chamber  (now  supplied  by 
Zeiss  at  the  same  price  as  the  ordinary  one,  i.e.,  15  marks)  differs 
from  that  ordinarily  used  in  that  the  central  square  millimetre  is 
surrounded  by  eight  undivided  squares  of  the  same  size  (see  Fig. 
10).  With  this  ruling  one  counts  first  the  number  of  leucocytes  in 
the  central  square  (about  35  in  nonnal  blood)  and  then  in  each  of 
the  surrounding  undivided  squares.  This  gives  us  a  total  of  about 
300  leucocytes  (in  normal  blood)  as  a  basis  for  our  calculations. 
The  total  so  obtained  is  divided  by  9,  and  th^n  multiplied  by  200 
(provided  we  have  diluted  1 :  20). 

The  advantages  of  the  large-bore  pipette  are  obvious.  The  only 
drawback  is  its  expanse.     The  technique  is  not  at  all  difficult. 

Count ififj  Both  Red  and  Whlti'  Cells  with  the  Same  Ptj/ette. 

We  may  avoid  buying  both  large-bore  and  small-bore  pipettes  in 
one  of  the  following  ways : 

1 .  We  can  count  both  red  and  white  corpuscles  with  the  "  i*ed 
count^^r. " 

2.  We  can  count  both  red  and  white  corpuscles  with  the  "  white 
counter. " 

The  reason  why  we  cannot  use  the  "  red  counter  "  for  counting 
wliite  cells,  unless  modified  in  some  way,  is  that  in  the  whole  ruled 
surface  of  the  counting  chamber  not  more  than  three  or  four  white 
corpuscles  are  to  be  found  in  normal  blood  when  diluted  two  hun- 
dred times.  If  we  dilute  less,  we  cannot  see  the  cells  distinctly, 
because  they  are  so  crowded.  If  we  find,  say,  three  white  corpus- 
cleji  as  the  number  to  be  used  as  a  basis  in  calculating  the  number 
of  whiU^  cells  in  a  cubic  millimetre,  the  chance  of  error  is  very 
gi*eat,  the  multiplier  being  so  large  (2,000)  and  the  multiplicand  so 
snuill  (3). 

To  get  over  this  difficulty  we  may  utilize  the  cells  spread  over 
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m-  of 


I'diwi  (if  the  couiitiiig  < 
B  following  vays: 

(a)  Jiif  meaaunng  l/ir.  field  »f  the  objitctiiif.  used.     TIu>  writ«r's 

Iqective,  No.  5  of  I^ilz,  has  a  field  of  very  nearly  oue-qnart«i-  uf 

a  milUuietre  or  oue-quarter  of  the 

mle  rilled   spiice.     Four  fields  of   this 

,  taken  anywhere  outside   the   ruled 

^pace,  tlierefore,  contain  the  same  iiuinljer 

of  nulls  as  will  cover  the  whole  four  liitn- 

dred  sniall  ruled  wiwares. 

(i)  Another    method    is    as    follows: 
hit  (rat  of  black  cardboard  a  square  bole 
i  Fig.  8)  of  sucb  n  si?*  that  it  will  fit 
'into  the  tube  of  the  eyepiece— the  square  ^^  g^ 

aperture    allowing   ii    apaee  of  just    one- 
quarter  of  a  millimetre  (one  liinidred  of  the  iiiled  squares)  to  !« 
I  Ml  through   it  with  a  given  objective  (say  Leitz  N...  5").      Four 
1(1h  sis  seen  through  sunh  an  a|)eiture  ran  then  lie  wiunted  in  vari- 
B  parta  of  tlie  alide  outside  the  ruled  simee  as  explained  above. 


(e)  For  any  one  living  where  niicrowopic  ruling  on  glass  can  Iw 
done  at  a  moderate  cost,  by  far  llie  l«est  way  is  to  have  the  rest  of 
the  disc  A  (Fig.  n)  niled  off  as  shown  in  Fig.  it.     I-eitK  and  Zeiaa 


22  CLINICAL  BLOOD  BXAMINATION. 

now  supply  iustniments  so  ruled.  I  have  not  been  able  to  hear\>f 
any  one  in  America  who  could  do  such  work  at  a  moderate  expense. 
Whatever  method  of  counting  white  corpuscles  is  adopted,  we 
ought  to  have  at  least  one  hundred  corpuscles  actually  counted  to 
use  as  the  multiplicand  of  our  computation.  A  single  drop  from 
the  white  counter  with  a  dilution  of  1 :  10  gives  us  normally  about 
seventy  white,  corpuscles  in  the  four  hundred  ruled  spaces,  and 
by  repeating  the  process  with  a  second  drop  the  result  may  be  made 
reasonably  accurate.  This  was  the  method  adopted  by  Kieder  *  in 
the  immense  number  of  counts  made  by  him. 

IL  DtirhanCs   Modified  Hcemoeytameter, 

In  the  Edinburgh  Medical  Journal  for  October,  18OT,  Herbert 
E.  Durham,  of  Cambridge,  England,  describes  a  self-filling  capil- 
lary pipette  which  has  considerable  advantages  over  the  ordinary 
Thoma-Zeiss  instrument.  The  account  of  the  device  is  here  given 
in  his  own  words. 

"  As  in  the  Gowers'  instrument,  there  is  a  separate  capillary 
pipette  for  measuring  the  blood,  one  for  measuring  the  diluting 
fluid,  a  mixing  vessel,  and  the  counting  chamber.  A  few  words 
may  be  said  about  each  of  these. 

**  Capillary  Pipette, — There  is  an  obvious  advantage  in  the  use 
of  a  self-measuring  pipette.     It  cannot  go  wrong  by  accident.     Dur- 

N 


Fio.  10.-Cro«8-gettIon  of  Durham's  Automatic  Blood-Plpette.  T,  Glass  tube  Otte  that  of 
niedlclne-dn>pper) :  iV,  rubber  nipple  (like  that  of  medlclntsdropper);  p,  perfoFation  in  the 
nipple :  c,  t-ork  holder,  perforated  by  capillary  pipette. 

ham  uses  small  i)ieces  of  thick-walled  capillary  tube — 5  and  10 
e.mm.  in  cai)acity.  Such  a  pipette  can  readily  be  cleared  by  pass- 
ing a  i)iece  of  darning  cotton  by  means  of  a  needle  through  the  bore 
of  the  pipette.     It  is  best  to  wet  the  end  of  the  cotton  with  ether. 

*' Any  one  who  has  worked  much  with  the  Thoma-Zeiss  pipette 
will  know  how  troublesome  it  is  to  clean,  especially  when  a  number 
of  ol)servations  have  to  be  made  in  a  limited  time.  The  tiny  pipette 
is  mounted  by  means  of  a  small  cork  (r)  in  a  large  glass  tube  (T), 

'  "Beitrilge  zur  Kenntniss  der  Ixjucocytosis,"  I^eipzig,  1892  (Vogel). 
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which  is  provided  with  a  rubber  nipple  (iV),  having  a  lateral  per- 
foration (jp)  (Fig.  10) 

^^  The  mixing  vessel  consists  of  a  small  test  tube  (2|  x  VV  ^^* 
for  1  CO.,  or  2J  X  I  in.  for  0.5  c.c).  Several  such  tubes  may  be 
kept,  so  that  a  number  of  observations  can  be  made  if  necessary. 
For  thoroughly  mixing  the  blood  and  diluting  fluid|  one  or  more  small 
glass  globules  are  placed  in  the  tube.  By  using  different  colored 
glass  globules,  different  specimens  can  be  readily  differentiated. 

''For  measuring  the  diluting  fluid,  pipettes  containing  1  and  0.5 
c.c.  are  used  ;  these  are  remarked  at  995  and  990  c.mm.  and  495 
and  490  c.mm.  respectively.  With  these  giaduations  the  following 
dilutions  may  be  obtained :  1 :  200,  1 :  100,  and  1 :  50,  with  the  ap- 
propriate capillary  pipette. 

''Having  measured  the  diluting  fluid,  according  to  the  eventual 
dilution  desired,  the  blood  capillary  is  filled  by  touching  the  exud- 
ing drop  of  blood  and  allowing  it  to  completely  fill  itself. 

"  The  hole  in  the  nipple  allows  free  air- way  so  that  there  is  no 
hindrance  to  the  action  of  capillarity.  When  filled,  any  blood  on 
the  outside  of  the  pipette  is  rapidly  wiped  off,  and  the  tube  is  in- 
serted into  the  mixer  until  the  point  is  one-half  to  three-fourths  of 
an  inch  above  the  level  of  the  contained  liquid. 

"  The  nipple  is  then  held  in  such  a  way  that  the  hole  lies  under 
the  thumb  of  the  operator.  When  this  is  the  case  it  is  slightly 
squeezed,  and  then,  while  the  pressure  is  continued,  the  bulb  is 
rotated  so  that  the  hole  is  free  again.  In  this  way  the  blood  is 
squirted  out,  but  not  sucked  back  again.  In  order  to  wash  out  the 
remains  of  the  blood  the  point  of  the  capillary  is  dropped  into  the 
diluting  fluid;  the  bore  instantly  fills  itself.  It  is  then  withdrawn 
and  the  pressure  and  rotation  of  the  nipple  are  repeated.  This  has 
to  be  repeated  several  times,  and  occupies  a  few  seconds  of  time. 

"  To  mix  the  blood  and  dihiting  fluid  thoroughly,  the  mixer  is 
placed  between  the  opposed  hands,  which  are  rubbed  backward  and 
forward;  the  mixer  is  rotated  thereby,  and  the  glass  globules  cause 
a  thorough  dispersion  of  the  corpuscles  in  the  fluid. 

"  A  drop  of  sufficient  size  is  then  placed  upon  the  counting  cham- 
ber, and  the  cover  slip  is  slipped  on  sideways  in  the  usual  way.  I 
prefer  the  Thoma-Zeiss  counting  chamber. 

"  The  advantages  of  this  method  are  ; 

"  1.  The  ease  and  thoroughness  with  which  the  pipette  can  be 
cleaned. 
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"2.  The  manifest  advantage  of  the  self- measurement  of  the 
blood. 

"  3,  The  avoidance  of  the  objectionable  necessity  of  using  the 
mouth  to  suck  fluids  into  the  pipette. 

"4.  The  measurement  of  the  diluent  can  be  done  carefully 
and  calmly  beforehand,  and  any  error  coiTCcted  without  taking  any 
more  blood. 

"  5.  The  greatly  smaller  cost  of  the  pipette. 

"  6.  The  same  pipette  is  useful  for  making  various  dilutions  in 
serum  diagnosis,  by  using  several  mixing  vessels  filled  beforehand 
with  dilute  fluid." 


CHAPTER  III. 

OIJVER'S  HiEMOCYTOMETER— CENTRIPUGALIZING  THE  BLOOD 
— HEMOGLOBIN     ESTIMATION— SPECIFIC     GRAVITY- 
STAINED  SPECIMENS— THE   IODINE  REACTION 
—BACTERIOLOGICAL  EXAMINATION. 

Oliver's  H^emocytomktkr. 

Recently  a  method  of  estimating  corpuscles  by  means  of  their 
optical  effect,  and  without  directly  counting  them,  has  been  intro- 
duced by  Dr.  Oliver.  For  practical  purposes  an  actual  counting  of 
the  corpuscles  must  be  considered  a  necessity;  not  only  since  the 
number  of  leucocytes  is  not  without  importance  {e,g.,  in  the  diag- 
nosis of  enteric  fever),  but  also  since  these  cells  may  be  so  abundant 
that  they  may  interfere  with  the  use  of  optical  methods,  as  in  the 
cxise  of  leukaemia.  Nevertheless  tlie  instrument  is  very  accurate 
and  useful  in  many  cases.  Its  principle  is  based  on  the  fact  tliat  if 
a  small  quantity  of  bloo<l  is  gradually  diluted  with  Hayem^s  solu- 
tion *  in  a  test  tube  whose  sides  are  flattened  so  that  its  mouth  forms 
a  rectangle  about  15  mm.  by  5  mm.,  and  a  candle  flame  is  looked 
at  tlirough  the  mixture,  there  is  to  Ik?  seen,  when  a  certain  (lefjree 
of  dilution  in  reached,  a  bright  horizontal  line  on  the  glass.  This 
line  is  made  up  of  a  large  numl)er  of  minute  images  of  the  flame, 
pro<luced  by  the  longitudinal  striation  of  the  glass.  If  the  quan- 
tity and  quality  of  blood  used  are  in  every  instance  the  same,  the 
degree  of  opacity  depends  wholly  on  the  amount  of  Hayem's  solu- 
tion added.  It  is  found  that  with  nornml  blood  the  amount  of 
diluting  solution  necessary  to  allow  the  image  of  the  candle  flame 
to  be  seen  through  the  mixture  is  always  the  same,  and  can  be  very 
accurately  fixed,  so  that  a  variation  of  one  per  cent  in  the  number 
of  corpuscles  can  be  distinguished  by  noting  the  amount  of  diluting 

'  Hydrargyri  perchloridi 0.5  gm. 

Sodii  chloridi 1.0     " 

Sodii  sulphaUs 6.0     " 

Aquae  destillatffi 200.0  c.c. 


taining  about   10  y.iniii.  (one  large  drop),  and  used  pxactly  lu  tJie 
same  way  an  the  v,  Fleiwlil  capillary  pipette  (sen  Fig.  11). 

One  pi|>etle  full  of  normal  Ijlocxl  is  grailiially  (]i1iit«<l  in  tlie  flat- 
teneil  tutM)  willi  Hayem's  solution  until  a  bright  horizontal  linr 
caused  liy  thi-  imajte  of  candle  flame  bewmiea  visible  through  the 
mixture.  Tlie  point  to  which  the  column  of  the  luixttu'e  th^n 
ivaoh^s  is  niaiked  100,  and  the  space  betwei'n  that  point  and  the 
bottom  of  the  tul>e  is  divided  into  100  equal  paila.  The  [lomt 
marked  100  is  then  equivalent  to  5,000,000  red  corpuscles;  90  = 
4,500,000,  80  =  4,000,000,  and  go  on,  each  degiee  on  the  soale 
eorresjKjndiiig  to  a  differeiice  of  50,000  corputicles  (Fig,  11). 

i'gi-  of  Oliver'*    J/aminyionifter. 
The  capillary  pipette  is  first  thoroughly  cleaned  and  dried  by 
passing  through  it  a  needle  and  thread  saturated  with  water  and 
then  with  alcohol  and  ether.     It  is  then  filled  in  the  usual  way, 
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I  sii<l  tlie  outside  carefully  and  quipkly   wiped  if  necessary.     Tlit- 

I  medicine  dropper  (previously  filled  with  Hayem  solution)  is  iJieii 

I  ooiuiect«<l  witli  the  polished  bluul  L-nd  of  the  pipette  by  nieaiia  of 

I  the  rubber  tube   (Fig.  11),  and   blood    washed  into  the  test  tube. 

[.Speeil  ii  essential,  else  coagulation  occurs.     If  the  previous  liieiuo- 

I  globin  estimation  has  shown  ninety  to  one  hundred  per  cent  of  col- 

1  oriiig  matter,  we  can  safely  add  the  diluting  solution  rapidly  until 

?  point  marked  80  is  leached.     If  the  coloring  matter  is  lower  we 

I  luust  oease  our  rapid  dilution  correepoudingly  sooner.     When  we 

I  get  near  the  point  at  which  the  flame  image  is  likely  to  appear,  the 

I  diluting  fluid  must  be  added  ii  few  diuj.is  at  n  tiiui.'.     After  each 

( addition    put    the    thumb 

I  over  the  mouth  of  tlie  tul)e 

I  and   turn   it  upside  down 

konee  or  twice  to  mix  the 

I  bliKN)    thoroughly,    wiping 

I  the    thumb   each    time    on 

Ith'-  edge  of  (he  tube  so  as 

I  to  put  back  what  fluid  has 

^Adhered  to  it.     At  a  eer- 

I  point  the  image  will 

[ftud'trnly    Wcome    visible. 

is  seen  soonest  if  we  lo- 

le  the   tul)e  on    its  Irms? 

:is,  as  tlie  image  l>ecoin(<^ 

sibt«  earliest  at  the  sides 

the    tulje,  but  dilution 

ihoiild   be  continued  drop 

y  dm[>  nntil  the  horizoti- 

tli    line    of    light    is    jnat 

across    tlic     short 

meter  of  tJie  tnl)e.     The 

ce  of    the  inconi- 

>  lint!   at  the  siile^  is 

1  cmiRlaut    forerunner  of 

complete     transverse 

bie,  Wid  Khnnld   put  one  on  one's  guard,  as  very  close  watching 

I  luwded  to  recognize  it  without  overstepping  the  necessary  dilu- 

Tlie  oiiHiiity  remains  uniform  for  many  minutes.     The  whole 

W8»  ahould  be  carried  on  in  a  perfectly  dark  room,  and  the  dif- 
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fused  light  of  the  caiulle  must  \ye  shut  off  from  the  eye.  This  is 
best  done  by  fitting  the  tube  into  the  liaud,  as  shown  in  Fig.  12, 
with  the  long  axis  in  line  with  the  candle,  holding  the  tube  close  to 
the  eye  J  and  standing  alx)ut  ten  feet  from  the  candle.  In  the  use 
of  both  of  his  instruments  Oliver  employs  only  the  small  wax  can- 
dles known  as  Christmas  candles,  whose  Hame  is  of  the  most  con- 
venient size. 

After  some  experience  with  this  instrument  I  find  it  simple,  eye- 
saving,  rapid,  and  sufficiently  accurate  in  cases  not  associated  with 
marked  anaemia,  as  indicated  by  the  previous  haemoglobin  test.  Its 
drawbacks  are  the  impossibility  of  making  any  estimate  of  the  white 
corpuscles  with  it  and  its  gross  inaccuracy  in  cases  of  severe  anaemia 
(see  Emerson,  Johns  Hopkins  Bull,,  January,  1903,  and  Baumgar- 
ten,  Johns  Hopkins  Bull,,  *I^ily>  1^02). 

ThK    H.fiMATOCRIT. 

The  haematocrit  of  lledin  has  undergone  considerable  modifica- 
tion and  improvement  and  as  remodelled  and  improved  by  Judson 
Daland  has  l)een  used  to  some  extent  in  this  country.  Its  direct 
and  obvious  object  is  simply  to  ascertain  the  relative  volume  or 
mass  of  the  corpuscles  and  of  the  plasma  in  a  drop  of  blood;  but 
the  hope  of  its  advocates  has  usually  been  that  it  would  supplant 
entirely  or  mostly  the  long,  tedious,  and  eye-destroying  process  of 
counting  with  the  Thoma-Zeiss  instrument. 

To  use  the  Daland  haematocrit  we  prick  the  ear  as  usual  and 
witli  the  help  of  a  bit  of  rubber  tube  attached  to  one  end  of  the 
capillary  tul)e  (Fig.  13)    suck  in  enough  blood  to  fill  it  entirely. 

As  soon  as  it  is  full,  put  the  linger  (greased  with  vaseline) 
tightly  over  the  free  end  of  the  glass  tul)e  and  then,  hut  not  till  then, 
draw  off  the  rubber  tul)e  and  adjust  the  glass  as  quickly  as  possible 
in  the  i)lace  prepared  for  it  on  one  of  the  horizontal  arms  of  the 
whirling  machine  (Fig.  13).  A  similar  tul)e  (empty)  should  be  ]uit 
on  the  other  arm  of  the  crosspiece  to  make  the  balance  true.  The 
handle  of  the  instrument  is  then  revolved  at  least  seventy  times  a 
minute  for  two  minutes,  at  the  end  of  whicli  time  (sometimes  less) 
the  column  of  blood  cells  is  packed  so  tight  that  no  further  whirling 
has  any  effect  (m  its  longth. 

To  estimate  tlie  nunil)er  of  red  corjnisc'les  from  the  length  of  the 
column,  we  call  each  degree  of  the  scale  on  the  tul)e  100,000  cells, 
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lor  n  tittle  move.  Tlius  if  the  blood  coliuiiii  in  I.lje  tube  eiiils  iit 
I'ftbniit  tJie  mark  SO,  wi>  ifuiitiider  that  the  bluoil  liaa  i-atlit'i'  luoi-e  tboii 
Efi,(>UO,000  red  corpuscies  per  cubic  tiiilliiiiftie.  So  far  all  obaervera 
■'Agrer  uit  tliu  ligurcs,  but  ii.')  to  jiist  liuw  imich  move  oi'  lcs4  thnn 
|H>0,000   eacli    degri-o  on    tb«  scale    is 

ji'tli  tbei'e  is  Buiiiit  vui'iutiaii  between 
[different  observevs.  Dnlaiiil '  finds  tliut 
■the  ilegvee  of  tbe  scale  on  the  eapillary 
ftube  corrrsponds  to  99,390  eorpiiscles. 

So  far  as  I  can  leant,  tbo  use  of  tliis 
Finstm iiieiit  in  Europe  lu\3  been  cbiefly 
iXor  tile  direct  inforinatiun  it  affonls  us 
fto  the  volume  oi  the  red  cells  and  the 

laouDt  of  respiratory  surface  in  the 
Ibluod,  rather  than  for  the  indirect  in- 
■forniatioa  it  may  give  us  as  to  the  num- 
Jiei'  of  the  red  cells.     It  does  not  seem 

i  jet  to  be  BUpplaiitini;  the  Thouiii- 

Its   bulk   and   the   noise   it  makes 
must  for  the  present,  I  think,  pi-evcut 
3  extensive  nse  outside  of  hospitals.   • 
i  it  makes  is  a  very  loud  and 
disagreeable  one,  and  will  deter  ntany 
a  nsiug  It  iu  private  practice. 
Emil  Aspelin   ("  KUuelierg'a   Fest- 
(Ohrift,"   1903j    has   recently  uiade    a 
tumber  of  exjwriinents  with  a  modified 
~  lostrunient,  using  a  longer  tube  and  a 
tutxing  bulb  like  that  in  the  Thoma-Zeiss  instrument.     Here  he 
mixes  the  blood  with  a  diluting  solution,  and  after  thorough  cen- 
'ugalizatton  is  able  to  estimate  with  reasonable  correctness  the 
ininber  of  leucocytes  as  well  as  of  red  cells.     Still  the  time  con- 
B  greater  than  that  necessary  to  make  a  count  of  white  cella 
Blh  the  Thoma-Zeiss  inairument,  and  for  the  red  cells  the  new 
istruinent,  even  in  Aspeliu's  hands,  is  often  far  from  accurate. 
Emerson  {Johiia  Hopk'int  Bull.,  January,  1903't  finds  the  hsema- 
"useful  in  determining  the  presence  of  lipiemia,  cholEeniia, 
moglobin^mia,  etc.,  but  not  to  count  the  cells." 
'  Unlvereily  Med.  Mug.,  Novemtxr.  IBBl. 


ir  Dirt  IMT  Ughllr  svi'iiml.  t 
wort  loi»e  wbeii  Uip  lunillir 
viiJved  raptdl;. 
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H-EMOGLOBIN    ESTIMATION. 

1.  Tallqvist's  Haemoglobinometer. 

2.  Dare's  ** 

3.  Oliver's  '' 

4.  V.  FleischPs  *' 

Until  recently  the  instrument  most  used  both  here  and  in  £urope 
was  that  of  v.  Fleischl.  In  France  Hayem  rules  supreme  in  the 
matter  of  iustiniments,  as  in  everything  else  concerning  the  blood, 
and  in  England  Oliver's  apparatus  is  used  to  a  certain  extent. 
Very  recently,  however,  a  contrivance  originated  by  Tallqvist  *  has 
come  into  use  and  deserves,  in  my  judgment,  to  supplant  all  others- 
in  clinical  work.     I  shall  therefore  describe  it  first. 

L   Tallqvist'' s  Hcemoglobinometer, 

A  drop  of  undiluted  blood  is  soaked  into  a  bit  of  filter  paper  of 
standard  quality  and  compared  (by  ordinary  reflected  daylight) 
with  a  paper  color  scale  of  ten  tints,  ranging  from  ten  per  cent  to- 
one  hundred  per  cent.  The  scale  was  prepared  by  imitating  in 
water  color  the  tint  of  the  blood  of  anaemic  patients  (using  the  v. 
Fleischl  instrument)  when  soaked  into  the  standard  filter  paper. 
The  water-color  standard  colors  were  then  reproduced  in  lithograph ,^ 
and  the  lithographed  scale  bound  up  with  fifty  sheets  of  the  stand- 
ard filter  paper  makes  an  apparatus  which  can  be  easily  slipped 
into  the  pocket  and  carried  to  the  bedside. 

In  making  the  comparison  the  blood  stain  is  put  against '  a  back- 
ground of  white  filter  2)aper  beside  the  color  scale,  and  moved  along 
until  a  match  is  found.  The  comparison  should  be  made  as  soon 
as  the  stain  has  lost  its  humid  gloss  and  before  it  is  thoroughly 
dry.  Artificial  light  cannot  be  used.  Errors  of  ten  per  cent  are 
possible,  but  it  is  my  belief  that  far  greater  errors  than  this  are 
frequently  made  with  v,  Fleisehrs  or  Oliver's  instrument  in  the 
hands  f)f  tlie  great  majority  of  physicians.  Tallqvist's  scale  costa 
but  .?1.25,  and  can  be  used  by  any  one  with  suificient  accuracy  for 
practical  purposes,  and  with  a  celerity  that  makes  haemoglobin  esti- 
mation no  more  of  an  undertaking  than  feeling  the  pulse.     I  have 

•Tallqvist,  St.  Paul  Med.  Jour.,  May.  1900. 
*  Never  blot  it. 
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used  the  instrument  in  several  hundred  eases,  and  liave  never  yet 
been  misled  by  it,  nor  found  a  greater  error  than  ten  per  cent  in 
comparison  with  Oliver's  or  Dare's  instrument. 

II,  Dare's^  Hvemoglobinometer. 

This  excellent  instrument  is  undoubtedly  more  accurate  than 
Tallqvist's,  and  would  be  preferable  to  all  others  but  for  its  cost 
(f  20),  its  bulk,  and  the  time  necessary  to  make  an  observation  and 
to  clean  the  parts. 

As  in  Tallqvist's  method,  undiluted  blood  is  used,  and  this  con- 
stitutes an  advantage  over  both  v.  Fleischl's  and  Oliver's  instru- 
ments. The  blood  is  drawn  by  capillary  attraction  into  the  slit 
between  two  slabs  of  glass,  one  titinsparent,  the  other  translucent 
and  white,  so  as  to  difTuse  the  light  used  for  illumination. 

The  color  of  the  blood  is  then  compared  with  different  portions 
of  a  circular  disc  of  colored  glass  revolved  by  means  of  a  thumb 
screw  so  that  different  tints  are  successively  brought  side  by  side 
with  the  blood  tint.  Transmitted  light  from  a  candle  is  used  for 
illumination,  and  the  observation  is  made  through  a  tube,  which 
effectually  excludes  all  extraneous  light.  As  we  turn  the  screw 
and  bring  different  tints  of  the  glass  standard  into  comparison  with 
the  layer  of  undiluted  blood,  the  percentage  of  haemoglobin  can  be 
read  off  from  the  etched  scale  which  appears  at  a  point  opposite  the 
color  aperture.  The  sharply  bevelled  edge  of  the  openinj^:  rests 
directly  over  the  reading  indicated.  A  pivoted  black  screen  pro- 
tects the  observer's  eyes  from  the  direct  light  of  the  candle,  and 
may  occasionally  be  brought  over  the  color  apertures  so  as  to  rest 
the  eye. 

The  instiniment  is  so  made  that  blood  film  and  standard  color 
disc  are  viewed  side  by  side  in  a  horizontal  plane  through  two  cir- 
cular holes  5  mm.  in  diameter  which  are  considerably  magnified  by 
a  lens  in  the  telescoping  camera  tube. 

In  using  the  instrument  we  need  no  dark  room — a  great  advan- 
tage. The  instrument  is  simply  pointed  at  some  dark  surface — a 
dark  coat  or  corner.  In  order  that  the  blood  and  the  color  disc 
should  be  equally  lighted,  it  is  essential  to  see  that  any  curve  that 
exists  in  the  candle  wick  should  point  straight  toward  or  away  from 
the  centre  of  the  instrument  in  line  with  the  juncture  of  the  springs 
which  support  the  candle. 

»Phila.  Med.  Jour.,  October,  1900. 
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The  rifudiug  should  be  completed  before  the  blond  tilm  liegins  to 
shrink  in  from  the  edges,  ?.«.,  within  ten  minutes. 
The  advantages  of  Dare's  instrument  are: 

1.  It:s  accuracy;  using  undiluted  blood  and  making  alio wani^e  as 
it  titMfi  for  the  color  curve,  it  is,  I  belif  ve,  more  accurate  than  any 
other  r-Iinically  available  instrument. 

2.  L*'ur*oeytosis  does  not  disturb  the  reading  (as  it  does  in  v. 
Fleischl's  instrument). 

3.  The  errors  and  waste  of  time  incident  upon  dilution  are 
avoided,  suia;  the  instrument  uses  undiluted  blood. 

4.  No  dark  nxnn  is  needed. 

0.  It  can  be  use<l  and  cleansed  much  more  quickly  than  any 
other  instrument  except  Tallqvist's. 

My  reason  for  preferring  Tallqvist's  instrument  despite  these 
merits  of  Dare's  are: 

1 .  B^'cause  accuracy  greater  than  that  obtainable  with  Tallqvist's 
instrument  is  seldom  practically  important. 

2.  I^ause  an  observation  can  be  made  with  Tallqvist's  haemo- 
globinoineter  in  about  one  one- tenth  of  the  time  needed  for  using 
any  other  instrument,  i.e.,  in  about  twenty-five  seconds. 

3.  Ik^cause  the  Talhjvist  instrument  takes  so  little  room  and 
needs  no  cleaning  or  preparing  for  use. 

4.  i^cause  it  is  so  cheap. 

JIJ    (J/irrrs    HfFmoglobinometer. 

OlivtM-'s  instrument  corrects  two  errors  which  are  inherent  in  v. 
Fleisdil's 

1.  It  has  no  sliding  scale  of  color,  but  compares  the  blood  tint 
successively  with  definite  tints  of  glass,  each  of  which  is  even. 
The  tints  are  worked  out  to  corresjwnd  to  the  specific  dilution  curve 
of  blood,  for: 

2.  Since  every  colored  liquid  changes  color  at  a  different  rate 
when  diluted,  the  dilution  curve  of  ^/c>o</  does  not  correspond  to  that 
of  (jlusx  ( wliich  behaves  in  this  respect  like  a  liquid).  The  glass 
w«'dge  of  V  Fleischl's  instrument  represents  a  single  color  regularly 
<lilut<'(l  and  does  not  correspond  in  its  degrees  to  the  colors  of  blood 
dilutt'd  at  a  similar  rate  The  scale  of  Dr.  Oliver's  instrument  is 
measured  to  correspond  to  the  actual  colors  of  the  blood's  dilution 
<Mnve  hv  means  of  the  tintometer. 

In   other  respects   the  ])rinciple   of  the  instrument  is   like   v. 
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'  Fleisclil'B,  and  tlie  luetliocl  of  tisiug  the  two  is  iiractically  the  same 
except  that  in  Oliver's  reflected  light  is  used  instuud  of  transmitted 
light.  Oliver's  instrument  consists  of  a  series  of  twelve  tinted  glass 
discs  corresponding  to  the  hasiiionlobin  percentages  from  10  to  120 


O,  It-Otlrer"*  HBJmoglul 


plpetki :  e,  trstliJa? 


ind  aiTanged  in  two  rows  (see  Fig.  14,  a).  The  intermediate  de- 
re  measured  liy  means  of  "riders  "  of  colored  glass,  which 
1  be  laid  on  top  of  the  primary  color  discs  so  as  to  deepen  the 
int  seen 

The  capillary  pipette  (Fig.  14,  i>)  is  somewhat  stouter  than  v. 

kischl's,  hut  is  used  in  the  same  way  to  collect  the  blood,  which 

a  then  forced  out  of  it  with  water  from  a  medicine  dropper  (which 

B  fitted  witli  a  rubber  tube  to  slip  over  the  blunt  end  of  the  pipette) 

rig.  14,  c)  and  washed  into  a  mixing  cell  (Fig.  14,  d)  similar  ttj 

"t-  Fleisohl's,  except  for  the  absence  of  a  central  partition.     Here 

the  blood  is  mixed  in  the  nsual  way  with  water  and  the  cell  filled 

to  the  brim  and  covered  with  a  Mmall  glass  plate;  a  bubble  always 

forms,  but  by  turning  the  cell  or  moving  the  cover-glass  we  can 

nsually  get  the  troublesome  shadow  thrown  by  the  bubble  out  of 

the  color  tield.     The  blood  thus  prepared  is  brought  close  to  the 

3 


i 
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scale  and  there  compared  with  the  tint  of  the  different  standard 
color  discs.  If  it  matches  one  of  them  the  observation  is  complete  ; 
if  not  we  use  one  of  the  glass  riders,  which  enables  us  to  read  within 
two  and  a  half  degrees  A  fuller  set  of  riders  can  be  obtained  so 
as  to  make  it  possible  to  read  down  to  one  per  cent. 

The  standard  is  usually  arranged  for  candle  light,  but  another 
set  of  discs  can  be  obtained  adjusted  to  daylight  readings.  The 
latter  are  less  accurate.  The  same  precautions  as  to  the  exclusion 
of  outer  light  by  means  of  a  "  hydroscope  "  tube,  resting  the  eye 
frequently,  etc.,  must  be  observed  with  this  instrument  as  with  v. 
FleischPs.  [It  can  be  obtained  of  J.  H.  Smith  &  Cie.,  Zurich 
(Wollishoften),  for  115  francs  plus  duties  and  expressage,  or  of  the 
Tintometer  Company,  6  Farriiigdon  Avenue,  London,  E.  C]  The 
candle  should  be  placed  three  or  four  inches  from  the  instrument 
and  arranged  to  light  both  the  blood  and  the  color  discs  alike. 

A  word  as  to  the  use  of  the  riders.  The  instrument  as  used  for 
clinical  work  usually  has  two  riders :  the  one  having  the  deeper 
tint  is  used  on  the  upper  half  of  the  scale,  the  ether  on  the  lower. 
Suppose  we  have  decided  that  the  blood  color  is  between  60  and  70. 
Put  the  rider  on  the  60  disc  and  compare  again.  If  the  blood  is 
darker  than  the  CO  disc  plus  the  rider,  the  percentage  is  approxi- 
mately 67 ^  (since  it  is  higher  than  60  -f  5  [the  rider]  and  lower  than 
70.  If  it  just  matches  the  60  plus  its  rider,  the  reading  is  65.  If 
the  blood  is  paler  than  this,  yet  darker  than  60,  it  is  about  62J. 
An  error  of  about  two  degrees  is  obviously  inevitable. 

IV.    Use  of  V.  FlelschVs  Hannometer. 

I 

(a)  Fill  on  one  side  of  the  metallic  cell  («,  Fig.  16)  about  one- 
quarter  full  of  distilled  water.  Put  the  end  of  the  little  pipette 
(JB)  horizontally  into  the  side  of  the  blood  drop,  which  will  at  once 
fill  the  tube  by  capillary  attraction.  Quickly  wipe  away  any  blood 
that  may  be  on  the  outside  of  the  pipette.  Then  put  it  into  the 
water  contained  in  one  of  the  partitions  of  the  metallic  cfeU  and 
rattle  it  quickly  back  and  forth,  so  that  the  water  may  l>e  forced 
in  first  at  one  end  and  then  at  the  other. 

(h)  After  this  the  expulsion  of  the  blood  may  be  completed  by 
forcing  water  from  a  medicine  dropper  through  the  capillary 
pipette  and  into  the  compartment  where  the  mixing  has  been  begun. 
Using  the  metal  handle  of  tlie  pipette,  mix  the  blood  and  water  in 
every  part  of  the  compartment.     Then  fill  both  compartments,  of 
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P  the  oelt  to  tlie  brim  with  distilled  water,  aud  adjust  the  coiupart- 
juent  containing  tlie  clear  water  so  that  it  comes  over  the  slip  of 

colored  glass,  while  through  the  eompartment  contaiuiug  the  blood 
light  thrown  upwai-d  by  the  reflector  below  passes  directly  to  the 


Turn  the  thumb  screw  (see  Fig.  16,  T)  back  and  forth  until 

e  color  of  the  glass  is  the  same  us  that  of  the  blood,  and  read  off 

I  iiuuiber  on  the  scale  which  corresponds  to  that  color.     This 

S  tlie  percentage  of  hiemoglobin,  lOO  being  the  color  of  normal 

Uood  for  men  and  80-90  for  women. 

(e)  Matrhiiiff  the  colors  may  be  somewhat  aided  by  observing 
B  following  precautions: 
1.  Do  tuit  ttand  (ur  sii)facin'j  thf  Viijht,  l,i,l  sl./^irai/g. 
■    P»f.  (U  lltt/ii  light  n a  possible. 

.  Moll  up  a  piece  of  paper  (^pr^'erahfi/  blnck)  into  a  tube  of 
ich  size  that  it  will  tit  over  the  meUllic  cell  (/>,  Fig.  17),  and  rest 
J  the  platfonn  of  the  instrument. 

Use  Jirnt  one  eye  and  then  ikK  other,  mid  never  look  more  than 
K^ftr  treonrla  at  a  time. 

,  Move  the  thumb  screw  with   »hort,  quick  turns  rather  than 
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slowly  and  gradually,  for  sudden  color  changes  affect  the  retina 
more  than  gradual  ones. 

6.  If  the  preliminary  reading  shows  one  of  thirty  per  cent  or 
less,  two  or  three  pipettes  full  of  blood  should  be  used  and  the 

reading  divided  by  2   or  3. 
T  A  considerable  error  can  thus 

be  avoided. 


Necessary  Errors. 

A  considerable  error  is 
absolutely  necessary,  inas- 
much as  the  bit  of  colored 
glass  to  be  seen  at  any  one 
time  through  the  aperture  of 
the  instrument  is  not  (like 
the  blood)  all  of  one  tint,  but 
includes  a  variation  of  firenty 
per  cent  in  color,  i.e.,  if  the 
glass  appearing  at  one  end  of 
the  aperture  is  opposite  50  on 
the  scale,  that  seen  at  the 
other  end  of  the  aperture  will 
either  be  at  30  or  at  70. 


A 


B 


C 


Fio.  17.— L,  LlRbt ;  A  and  B,  tight  positioiu  for 
observer ;  C  wroiiK  position  for  observer ;  D, 
cell  in  ptaoe. 


To  avoid  these  and  other  difficulties  with  v.  Fleischl's  instru- 
ment various  modifications  of  it  liave  been  proposed,  the  best  of 
which  is  Miescher!s. 

In  using  Miescher's  modification  of  v.  Fleischr^  instrument  the 
dilution  is  carried  on  in  a  capillary  pipette  like  that  of  the  Thoma- 
Zeiss  instrument,  distilled  water  being  the  diluent.  From  the  mix- 
ing bulb  of  the  pipette  the  diluted  blood  is  blown  into  one  com- 
partment of  each  of  the  two  cells  (one  15  mm.  deep,  the  other 
12  mm.  deep)  which  are  supplied  with  the  instrument.  The  other 
compartment  in  each  cell  is  filled  with  water.  The  grooved  cover- 
glass  is  slid  along  the  projecting  partition  of  each  cell,  and  each 
cell  then  covered  with  a  diaphragm  which  transmits  a  ray  of  light 
corresponding  to  not  more  than  three  degrees  of  the  scale,  "  thus 
giving  practically  a  single  color  of  the  glass  wedge  for  comparison 
with  the  blood  "  (Emerson).     Candle  light  is  used. 

The  reading  of  the  smaller  cell  should  be  four-fifths  that  of  the 
larger,  and  one  reading  may  be  used  to  control  the  other.     The 
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table  supplied  with  the  instrument  translates  the  data  obtained  into 
hsmoglobiu  percentages  or  grammes  per  100  c.c.  of  blood. 

The  instrument  is  very  accurate,  but  no  better  than  Dare's, 
which  costs  less  than  half  as  much. 

As  recently  pointed  out  by  Emerson  (loc.  cit,),  the  readings  of 
most  haemoglobin  scales  (100  per  cent  being  made  to  correspond  to 
about  13.8  gm.  of  haemoglobin  per  100  c.c.  of  blood)  cannot  be 
applied  directly  to  children's  blood. 

The  child  under  five  years  has  normally  but  10  to  16  gm.  per  100 
c.c,  which  would  correspond  not  to  100  per  cent,  but  to  76  to  80 
per  cent.  Similarly  the  normal  for  a  child  from  five  to  fifteen 
years  is  80  per  cent;  from  fifteen  to  twenty-five  years,  88  per  cent. 
It  would  be  better,  as  Emerson  says,  to  express  our  readings  in 
grammes  per  100  c.c.  rather  than  in  per  cent. 

Estimating  the  Specific  Gravity  of  the  Blood. 

The  simplest  and  most  available  method  for  clinical  use  is  that 
of  Hammerschlag,*  a  modification  of  Roy's"  method.  Chloroform 
is  heavier  than  blood ;  benzol  is  lighter.  Mix  in  a  urinometer  glass 
such  quantities  of  the  two  that  the  specific  gravity  taken  by  an  ordi- 
nary urinometer  is  about  1059,  t.e.,  that  of  normal  blood.  Punc- 
ture the  ear,  draw  a  drop  of  blood  into  the  tube  of  a  Thoma-Zeiss 
pipette,  a  small  medicine  dropper,  or  any  other  capillary  tube,  and 
blow  it  out  again  into  the  chloroform-benzol  mixture.  The  blood 
does  not  mix  at  all  with  these  liquids,  but  fioats  like  a  red  bead. 
If  it  sinks  to  the  bottom  add  chloroform,  if  it  rises  to  the  top  add 
benzol,  until  finally  the  drop  remains  stationary  in  the  body  of  the 
liquid,  showing  that  its  specific  gravity  is  just  that  of  the  surround- 
ing mixture.  Then  take  the  specific  gravity  of  the  liquid,  as  we 
do  of  urine,  and  you  have  the  specific  gravity  of  the  drop  that 
floated  in  it.     The  following  precautions  are  needed : 

1.  Have  the  inside  of  the  urinometer  glass  perfectly  dry  and 
clean;  otherwise  the  drop  of  blood  may  cling  to  it  and  flatten  out 
against  it. 

2.  It  is  usually  well  to  have  more  than  one  drop  of  blood  in 
the  glass  in  case  any  mishap  occurs  with  the  first  one. 

3.  Add  the  chloroform  and  benzol  a  few  drops  at  a  time,  and 

I  Wien.  klin.  Wochenschrift.  iii..  1018,  1890. 
*  Proceedings  of  Physiological  Society,  1884. 
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after  each  addition  stir  the  whole  mixture  thoroughly  with  a  glass 
rod. 

4.  If  we  have  reason  to  suppose  the  blood  will  be  lighter  than 
normal  (i.e.,  if  the  haemoglobin  is  probably  low,  vide  supra),  it 
saves  time  to  start  with  a  lighter  mixture  of  chloroform  and  benzol. 

5.  Avoid  having  any  air  within  the  blood  drop.  This  can  gen- 
erally be  seen  either  in  the  capillary  tube  or  after  the  drop  is  in  the 
mixture.  It  is  safer  to  take  the  middle  portion  of  the  blood  drawn 
into  the  capillary  tube,  as  both  the  first  and  the  last  portions  of  the 
column  are  more  apt  to  have  air  in  them. 

6.  The  whole  process  should  l^  done  as  quickly  as  possible,  else 
the  chloroform  or  benzol  may  evaporate  or  work  into  the  blood  drop 
and  so  affect  its  weight. 

It  is  better  to  have  a  urinometer  with  a  scale  running  as  high  as 
1070,  but  this  is  not  essential,  for  the  clinically  important  specific 
gravities  are  lowy  not  high. 

The  importance  of  the  specific  gravity  of  the  blood,  as  hinted 
above,  is  not  so  much  for  itself,  but  because  it  nms  parallel  to  the 
percentage  of  haemoglobin  and  gives  a  figure  from  which  the  latter 
can  be  computed. 

The  specific  gravity  of  the  blood  varies  very  little  (except  in 
dro2)sy  from  any  cause),  and  in  the  corpuscles  themselves  the  vari- 
able element  is  the  haemoglobin.*  Consequently  in  most  non-drop- 
sical patients  the  specific  gravity  of  the  whole  blood  varies  directly 
as  the  haemoglobin.  The  following  exceptions  to  this  rule  must  be 
borne  in  mind. 

1.  In  leukaemia  the  specific  gravity  is  relatively  higher  than  the 
haemoglobin  on  account  of  the  weight  of  the  leucocytes. 

2.  In  pernicious  anaemia  with  high  color  index  (see  below)  the 
haemoglobin  is  about  two  per  cent  higher  than  we  should  gauge  it  to 
be  judging  by  the  specific  gravity. 

To  estimate  the  percentage  of  haemoglobin  from  the  specific 
gravity,  one  of  the  following  tables  may  be  used,  modified  from 
Schmaltz,  '*  Pathologic  des  Blutes,"  etc.,  Leipsic,  1896,  using  a 
direct  weigliing  method.  Apparently  a  degree  of  specific  gravity 
means  mucli  more  at  the  top  of  the  scale  (I'.e.,  6.6  per  cent)  than 
at  the  bottom  (1|  per  cent).  This  table  has  been  verified  by  the 
research  of  Yarrow  {University  Med.  Mag,,  1899)  through  compar- 

'  Except  iu  dropsy  in  which  the  corpuscles  themselves  may  get  water- 
soaked. 
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ison  with  a  standard  solution  of  13.77  gm.  of  prepared  hsBmoglobin 
in  normal  salt  solution  (up  to  100  gm.).  It  appears  to  be  very 
accurate. 


Spec  Grav. 


Hemoglobin. 


1080     =  20  per  cent.  ± 

1035     =  80  **  •• 

1038     =  35  "  •* 

1041     =  40  •*  « 

1042.5  =  45  "  « 

1045.5=  50  "  *• 

1048     =  55  "  •* 


Spec  Gray.  BflBmoglobin. 

1049     =  60  per  cent.  ± 

1051  =  «5    " 

1052  =  70    « 
1058.5=  75    "    •* 
1056  =  80    " 
1057.5  =  90    "    " 


1059  =  100 


tt 


Studies  of  Finer  Structures  of  the  Blood. 

The  study  of  dried  and  stained  specimens  with  the  help  of  the 
aniline  dyes  gives  us  much  of  interest  and  importance  in  regard  to 
the  blood.  More  can  be  told  about  a  given  case  by  the  study  of  a 
dried  and  stained  cover-glass  specimen  than  by  any  other  single 
method. 

Preparation  of  Cover-Glass   Specimens, 

(a)  Covers  carefully  cleaned  and  polished  are  arranged  at  the 
bedside  in  such  position  that  we  can  quickly  pick  them  up  without 
touching  their  surfaces  (see  Fig.  1).'  The  ear  is  punctured  in  the 
usual  way,  aiid  one  of  the  cover-glasses  touched  to  the  summit  of 
the  drop  as  soon  as  it  emerges.  This  cover-glass  is  then  let  fall 
upon  another  in  such  a  way  that  their  comers  do  not  coincide  (Fig. 
18).  If  the  covers  are  clean,  the  drop  spreads  at  once  over  their 
whole  surface;  as  soon  as  it  stops  spreading,  slide  off  the  top  one 
without  lifting  them  apart ^  but  exactly  in  the  plane  of  their  sur- 
faces. Have  a  gas  or  alcohol  flame  at  hand  and  dry  instantly  if 
you  want  to  get  the  very  best  specimens;  but  this  is  not  at  all  neces- 
sary for  most  clinical  purposes.  The  under  cover-glass  is  always 
better  spread  than  the  upper. 

The  above  method  needs  a  good  deal  of  practice,  {b)  An  easier 
way  of  preparing  blood  Alms  is  as  follows : 

Put  a  moderate  sized  drop  of  blood  on  a  glass  slide  (not  a  cover- 
glass)  near  one  end.     Hold  another  slide  (or  a  cover-glass)  against 

'  I  often  poise  them  on  corks  so  that  their  comers  are  readily  accessible  to 
the  fingers.  The  process  of  making  blood  films  is  far  easier  if  another  person 
prepares  the  drop  for  us  so  that  we  can  stand  ready  with  a  cover-glass  in  each 
band  to  catch  the  drop  as  soon  as  it  emerges. 


40  CLINICAL  BLOOD   EXAMINATION. 

the  first  in  the  position  shown  in  Fig.  19.  Move  the  slide  along  in 
the  direction  shown  by  the  arrow  so  as  to  spread  the  blood  drop 
over  the  whole  length  of  the  glass  as  thinly  as  possible.     The 


Y\i\.  18.  Fio.  19.— Spreading  Blood  on  a  GUwb  Slide. 

quicker  the  whole  process  is  performed  the  better  will  be  the  results. 
After  drying  the  film  in  the  air  it  can  be  fixed  and  stained  as  below 
described. 

FWmg  the  Films. 

These  films  have  now  to  hQ  fixed,  and  this  process  is  best  com- 
bined with  that  of  staining  as  is  done  by  Wright's  method  (see 
below).  If  other  staining  methods  are  to  be  used,  the  films  must 
first  be  fixed  either  by  heat  or  by  lialf  an  hour's  immeraion  in  abso- 
lute alcohol  and  ether  (equal  parts),  or  by  the  same  mixture  (30 
c.c  each)  plus  five  drops  of  a  saturated  alcoholic  solution  of  corro- 
sive sublimate  (five  minutes'  immersion),  by  chromic  acid  two  per 
cent,  or  by  exposure  to  the  vapor  of  forty- five-per-cent  formalde- 
hyde. I  have  used  all  these  methods,  but  found  none  of  them  to 
compare  favorably  with  Wright's  method. 

The  method  of  fixation  by  alcohol  and  ether  needs  little  com- 
ment, the  cover  glasses  being  simply  left  in  the  mixture  half  an 
hour  or  as  much  longer  as  is  convenient.  Half  an  hour  is  enough. 
For  Ehrlich  triacid  stain  we  use  dry  heat.  The  best  way  to  do  this 
is  in  a  dry-heat  sterilizer  at  a  temperature  of  115^-155°  C,  accord- 
ing to  the  size  and  construction  of  the  oven  and  the  kind  of  stain 
used.  The  temperature  must  be  watched  very  closely,  and  as  soon 
as  it  reaches  the  desired  point  the  heat  should  be  removed.  It 
needs  about  five  minut/Cs  to  get  the  temperature  to  150°  C,  and  as 
soon  as  it  gets  there  the  specimens  should  be  taken  out.  The  ther- 
mometer bulb  must  rest  as  near  as  possible  to  the  blood  films  with- 
out actually  touching  them. 
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Staining. 


/.    Wright^ 8  Method, 

Within  the  past  year  hsematological  technique  has  been  notably 
simplified  and  improved  by  the  intioduction  of  a  stain  far  superior 
in  my  opinion  to  any  previously  in  use.  I  refer  to  Wright's  modi- 
fication of  Leishman's  stain,  which  in  turn  is  a  modification  of  Jen- 
ner's.  Jenner  introduced  the  use  of  methylic  alcohol  at  once  as  a 
solvent  for  staining  materials  and  as  a  means  of  fixing  blood  films 
upon  glass.  Leishman  simplified  and  improved  the  method  of 
using  a  stain  which  in  itself  differs  but  little  from  Jenner's. 
Wright  showed  us  a  much  quicker  and  easier  method  of  prepai'ing 
the  stain y  the  essential  pigments  in  which  are  polychrome  methyleue- 
blue  and  GrUbler^s  yellow  eosin.  For  details  of  preparing  the 
stain  see  Wright's  article.*-  The  stain  must  be  kept  in  a  tightly- 
corked  bottle  since  evaporation  soon  makes  it  precipitate,  and  so 
spoils  any  preparation  stained  with  it.  I  have  noted  no  deterio- 
ration in  bottles  used  during  the  last  six  months. 

The  process  of  staining  is  quicker  and  simpler  than  any  other 
known  to  me,  and  even  if  it  is  not  carried  out  precisely  according  to 
the  directions  given  below,  a  fairly  presentable  specimen  is  almost 
always  to  be  obtained. 

Technique. 

1.  Drop  upon  the  blood  film  with  a  medicine  dropper  as  much 
of  the  stain  as  it  will  hold  without  spilling  off,  and  leave  it  there 
for  one  minute.     This  is  chiefly  to  fix  the  film. 

2.  Add  to  the  fluid  on  the  cover-glass  (or  slide)  sufficient  water 
drop  by  drop  to  make  visible  a  greenish  metallic  scum  upon  the 
surface.  For  a  |^inch  square  cover-glass  six  to  eight  drops  are 
usually  needed,  but  the  exact  amount  does  not  make  any  essential 
difference.  Let  the  stain  thus  diluted  remain  for  about  two  min- 
utes upon  the  film. 

3.  Wash  the  film  in  tap  water  and  let  it  stand  in  water  for  one 
or  two  minutes  more,  or  until  the  thinner  portions  of  the  film  are 
yellowish  pink.  Water  washes  out  part  of  the  blue  dye  and  differ- 
entiates the  stain. 

James  H.  Wright:  Jour.  Med.  Research,  January,  1902. 
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4.  Dry  cautiously  with  blotting  paper  or  filter  paper  and  mount 
iu  balsam. 

The  whole  process  should  not  consume  more  than  five  minutes' 
time.  (The  stain  may  be  had  at  the  Harvard  Co5perative  Society 
store,  Boylston  Street,  Boston.) 

This  stain  is  the  best  known  to  me  not  only  for  leucocytes  and 
erythrocytes,  normal  and  abnormal,  but  also  for  malarial  parasites, 
basophilic  granulations  of  red  cells,  and  all  purposes  for  which  one 
uses  a  blood  stain  at  all 

//.  Ehrlichia  Method, 

Far  inferior  in  most  respects  is  Ehrlich's  tiicolor  mixture,  which 
is  made  as  follows : 

Saturated  watery  solution  of  orange  Q 6  c  c. 

"  M  M         «  j^gj^  f uchsin 4    ** 

To  these  add  a  few  drops  at  a  time,  shaking  between  each  addition 
Saturated  watery  solution  of  methyl  green 6.6  c.c. 

Then  add : 

Glycerin 5  c.c. 

Absolute  alcohol 10    ** 

Water 15    « 

Shake  well  for  one  to  two  minutes.  Let  stand  twenty-four  hours. 
Do  not  filter.     G.  GrUbler's  colors  are  best. 

The  staining  process  is  simple.  A  drop  of  the  stain  is  simply 
spread  over  the  surface  of  the  cover-glass  specimen  with  a  glass  rod 
and  washed  off  again  with  water  after  fiwe  minutes,  or  as  much 
longer  as  is  convenient.  If  the  specimen  look  too  dark  (brown  or 
red  instead  of  orange-yellow),  it  is  not  because  of  overstaining,  but 
because  of  underheating. 

If  overheated,  the  specimen  looks  pale  lemon  yellow  to  the  naked 
eye,  and  under  the  microscope  everything  is  blurred  and  dim. 

The  Iodine  Reaction, 

lodophilia,  so  called,  is  the  reaction  which  the  neutrophilic  leu- 
cocytes show  when  brought  in  contact  with  a  drop  of  the  following 

solution : 

Iodine 1  gm. 

Potassium  iodide 8     ** 

Water 100  c.c. 

Gum  arable 50  gm. 
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A  drop  of  this  mixture  is  put  ou  a  slide  and  into  it  we  press  a 
film  of  blood  without  any  previous  fixation  or  preparation  of  any 
kind.  Use  an  excess  of  the  iodine  mixture  and  then  squeeze  out 
the  excess  by  gentle  pressure  on  the  cover-glass  lest  the  dense  color 
of  the  fluid  obscure  the  field.  When  such  a  slide  of  normal  blood 
is  examined,  the  red  cells  are  found  to  be  uniformly  colored  a  bright 
yellow  upon  a  much  fainter  background,  while  the  white  corpuscles 
are  stained  of  about  the  same  tint,  their  nuclei  being  somewhat 
more  refractile.  This  contrast  between  the  nucleus  and  protoplasm 
is  suflRciently  distinct  to  permit  one  readily  to  differentiate  the 
various  forms  of  white  cells.  In  certain  pathological  conditions, 
such  as  septicaemia  or  ursemia,  the  uniform  yellow  coloration  is  broken 
by  the  appearance  in  the  protoplasm  of  the  polymorphonuclear 
neutrophiles  of  reddish-brown  granules,,  or  a  diffuse  brownish  color- 
ation, and  by  the  presence  of  small  and  large  masses  outside  the 
corpuscles  similarly  colored.  This  condition  is  the  "  iodine  reac- 
tion," and  as  suggested  is  of  two  distinct  types,  namely,  (1)  the 
extracellular,  and  (2)  the  intracellular. 

1.  ExtracMular  Reaction. — The  masses  seen  outside  the  cells 
are  round,  oval,  or  slightly  irregular,  varying  in  size  from  2  to  6, 
or  even  8  /x  in  diameter,  and  of  a  copper-red  color.  They  may  be 
free,  but  are  usually  found  in  fragments  of  protoplasm  which  appear 
to  1)6  the  debris  of  broken-down  leucocytes. 

2.  Intracellular  Reaction  (see  Figs.  20  and  21). — Within  the 
cells  the  reaction  occurs  almost  invariably  in  the  neutrophiles. 
Here  the  appearance  is  extremely  varied,  the  granules  being  of 
almost  any  depth  of  color  from  a  light  orange  to  the  deepest 
brown,  and  of  various  sizes.  They  may  be  scattered  evenly  through- 
out the  protoplasm,  grouped  about  the  neucleus,  or,  in  rare  cases, 
at  the  periphery  of  the  cell.  In  sharp  contrast  to  the  round  or 
oval  extracellular  bodies,  those  within  the  cells  are  for  the  most 
part  irregular  in  shape.  In  many  of  the  neutrophiles  the  reaction 
is  shown  not  by  a  granular  appearance  of  the  protoplasm,  but  by  a 
diffuse  brownish  discoloration,  the  depth  of  which  varies  within 
wide  limits.  In  rare  cases  basophiles  and  myelocytes  react,  but  here 
the  picture  is  a  different  one,  for  instead  of  many  granules  scattered 
throughout  the  protoplasm  one  finds  a  more  or  less  distinct  single 
row  of  relatively  large  brownish  areas  about  the  nucleus  W^e  have 
never  observed  any  brown  color,  either  diffuse  or  granular,  in  the 
eosinophiles. 
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It  is  important  to  note  that  io  some  specimens  only  a  few  neu- 
trophiles  are  fonnd  which  are  abnorniiil.  The  inteosity  of  the  color 
appears  to  be  of  as  much  iinportanee  as  the  uaoiher  of  corpnscles 
showing  it.  Not  infrequently  a  large  number  of  leucocytes  are 
seen  absolutely  unaffected  by  the  iodijie  solutiou  before  any  are 


found  with  the  characteristic  coloration.  With  other  cases  scarcely 
any  normal  ones  can  be  demonstrated.  In  our  examinations  we 
have,  as  a.  routiue,  counted  at  least  one  hundred  cells;  if  in  tliat 
number  none  are  observed  with  either  a  diffuse  or  granular  staili, 
we  consider  the  reaction  negative. 

Differential  Counting. 
The  only  procedure  in  the  microscopic  examination  of  stained 
specimens  which  needs  any  description  is  that  of  making  the  so- 
called  "  differential  count "  of  the  leucocytes  (i.e.,  determining  what 
percentage  of  the  leucocytes  prasent  belongs  to  each  of  the  sub- 
varieties  as  described  on  pages  60-67).  To  do  this  accurately  we 
should  examine  at  least  live  hundred  leucocytes — the  cxaininatiou 
being  simply  the  classification  of  them  under  their  different  sub- 
varieties.  A  movable  stage  is  very  convenient  though  not  essen- 
tial for  this  purpose.  With  such  a  stage  the  technique  is  simply  to 
start  witli  the  lens  in,  say,  the  upper  Iffl-lmnd  comer  of  the  blood 
film  and,  by  turning  the  screw  of  the  juechanical  stage,  move  the 
preparation  slowly  past  the  eye  until  the  upper  rtght-kattd  comer 
is  reached.  Uuring  this  process,  as  the  cells  ap|>ear  in  the  field  they 
are  checked  off  and  put  down  under  one  or  another  heading.  Then 
move  the  stage  so  that  the  lens  is  just  one  field's  diameter  neater 
the  right-hand  lower  corner  of  the  preparation,  and  go  back  again 
from  right  to  left,  following  the  serpentine  track  indicated  above  in 
Fig.  7.     To  move  the  lens  just  one  field's  diameter  we  have  only  to 
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fix  the  eye  on  a  cell  at  the  extreme  edge  of  the  field,  and  then  move 
the  stage  till  that  cell  disappears  out  of  sight  on  the  opposite  side  of 
the  field.  Thus  we  avoid  any  chance  of  counting  the  same  cells 
twice,  and  yet  are  sure  not  to  miss  seeing  any. 

As  we  go  back  and  forth  in  this  way,  we  notice  chiefly  the 
white  cells,  of  course,  but  yet  keep  our  eyes  open  for  any  unusual 
appearances  in  the  red  cells.  Usually  these  move  by  in  a  monoto- 
nous stream,  one  looking  much  like  another,  but  in  pathological 
blood  we  must  always  l)e  on  the  lookout  for  nucleated  red  cells, 
degenerative  changes,  and  variations  in  size  and  shape.  In  malarial 
cases,  of  course,  our  scinitiny  is  directed  chiefly  upon  red  cells. 

If  we  have  not  the  help  of  a  movable  stage  we  try  to  do  the 
same  thing  moving  the  slide  with  the  fingers.  With  moderate  care 
there  is  no  danger  of  counting  the  same  cells  twice,  but  we  cannot 
help  missing  a  good  many  altogether,  so  that  although  accurate  the 
process  takes  longer. 

When  leucocytosis  is  present,  at  least  one  thousand  leucocytes 
can  be  found  in  a  single  well-spread  seven-eighth-inch  cover-glass 
specimen.  In  normal  blood  we  may  need  to  go  through  two  or 
three  covers. 

Bacteriological  Examination. 

Blood  obtained  by  the  ordinary  method  of  puncture  is  not  fit  for 
bacteriological  examination.*     The  following  is  the  better  way: 

Sterilize  the  skin  over  the  flexor  surface  of  the  bend  of  the 
elbow,  and  wash  off  thoroughly  the  agents  used  for  sterilization 
with  boiled  water  or  boiled  normal  salt  solution.  Have  an  assist- 
ant grasp  the  upper  arm  so  as  to  prevent  the  venous  return  and 
distend  the  large  veins  at  the  elbow.  Into  the  most  j»rominent  of 
these  plunge  a  sterilized  hollow  needle  connected  with  the  bulb  of 
a  sterilized  syringe.  All  traces  of  antiseptics  must  be  carefully 
washed  out  of  the  needle  and  the  syringe  bulb  before  using. 

When  the  needle  penetrates  the  wall  of  the  vein  the  blood  usu- 
ally begins  to  flow  into  the  bulb  of  the  syringe,  and  this  is  hastened 
by  gently  withdrawing  the  piston  until  5  to  10  c.c.  of  blood  are  in 
the  bulb.  Then  withdraw  the  needle,  press  a  pad  of  sterilized 
gauze  over  the  wound,  and  expel  the  blood  before  it  coagulates 
into  a  flask  of  nutrient  bouillon  or  melted  agar-agar. 

^  See  Kllbiiau*8  comparative   experiments  in  Deut.  med.  Woch.,  1897, 
No.  35. 
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The  further  examination  of  cultures  falls  outside  the  scope  of 
this  book. 

In  the  above  procedure  the  only  difficulties  are :  1  Sometimes  it 
is  hard  to  find  a  vein  and  to  get  the  needle  into  it.  2.  Occasionally 
we  get  the  needle  entirely  through  the  vessel  into  the  tissues  on  the 
other  side. 

If  the  blood  does  not  flow  readily  into  the  bulb  one  of  these  two 
mistakes  is  usually  the  cause,  but  occasionally  in  those  whose  ves- 
sels are  very  small  or  whose  circulation  is  very  feeble  (as  in  the 
moribund)  it  is  very  hard  to  get  the  requisite  amount  of  blood. 
Only  practice  helps  us  to  avoid  these  difficulties. 

The  procedure  causes  hardly  more  pain  than  the  use  of  an  ordi- 
nary subcutaneous  injection;  the  process  of  sterilization  is  usually 
more  irksome  to  the  patient  than  the  puncture 

Bleeding  is  trifling,  and  within  twenty-four  hours  there  is  usu- 
ally no  trace  of  the  puncture  left.  A  sterilized  dressing  with  mod- 
erate pressure  should  be  applied 

Estimation  of  the  Time  and  of  the  Completeness  of  Coagulation, 

In  certain  conditions,  particularly  in  acute  exanthemata,  clot- 
ting is  slow  or  fails  to  occur.  This  is  still  more  marked  in  the 
various  forms  of  the  hemorrhagic  diathesis.  In  obstruction  in  the 
biliary  tract,  with  or  without  jaundice,  clotting  may  be  greatly  de- 
layed, and  this  fact  is  of  great  importance  to  the  surgeon  with  refer- 
ence to  the  question  of  operation. 

Hay  em  has  called  attention  to  the  fact  that  in  purpura  haemor- 
rhagica  the  blood  clot  may  form,  but  fail  completely  to  retract. 
He  further  believes  that  the  blood  of  pernicious  anaemia  may  be 
distinguished  from  specimens  obtained  incases  of  secondary  anaemia 
by  the  fact  that  in  pernicious  anaemia  there  is  an  incomplete  forma- 
tion of  serum. 

In  both  these  conditions  the  blood  plates  are  greatly  diminished. 
Hayem  has  found  similar  changes  in  some  other  cachectic  con- 
ditions. 

The  importance  of  these  facts  in  the  prognosis  of  purpum  may 
be  considerable — the  severer  forms  being  thus  distinguishable  from 
the  milder  types  (according  to  Ilayem)  even  during  the  remissions 
or  non-heniorrhagic  stages  of  the  disease. 

For  the  estimation  of  coagulation  time  the  simple  little  instru- 
ment devised  by  Wright  is  sufficient.     This  consists  simply  of  a  sot 
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of  from  six  to  twelve  capillary  tubes  of  about  the  same  calibre 
(0.01  to  0.0125  inch)  into  each  of  which  a  blood  column  about  two 
inches  long  is  aspii*ated.  The  tubes  are  then  set  perpendicularly 
in  a  rack  and  at  regular  intervals  the  condition  of  the  blood  is  tested 
by  blowing  into  one  of  the  tubes.  When  coagulation  occurs,  the 
tubes  are  fomid  to  be  blocked  with  clot. 

Normally  coagulation  occurs  in  these  tubes  in  about  three  min- 
utes. In  disease,  especially  in  cases  with  biliary  obstniction,  coagu- 
lation may  not  occur  until  ten  to  fifteen  minutes  haVe  elapsed. 

Other  Methods  op  Blood  Examination 

It  is  perhaps  worth  while  briefly  to  mention  some  other  methods 
of  blood  examination  of  which  no  account  will  be  given. 

1.  Determination  of  the  alkalinity  of  the  blood.  No  accurate 
and  clinically  available  method  has  yet  been  devised.  Desi)ite  the 
interesting  work  of  Kraus,  Cavo,  Lowy,  Biemacki,  v.  Limbeck,  and 
others,  I  am  still  unable  to  get  hold  of  any  clinically  valuable  in- 
formation given  by  the  determination  of  alkalinity. 

2.  Resistance  of  the  red  corjniscles  to  the  influence  of  distilled 
tcater.  As  is  well  known,  water  breaks  up  red  cells  ;  but  if  we  add 
a  certain  amount  of  alkali,  say  NaCl,  the  cells  remain  uninjured. 
The  amount  of  NaCl  which  has  to  be  added  to  prevent  the  destruc- 
tion of  red  cells  is  from  0.44  to  0.48  per  cent.  Under  certain 
pathological  conditions  it  needs  either  more  or  less  of  the  salt  to 
keep  the  cells  intact,  i.e.,  they  possess  an  increased  or  diminished 
power  of  resistance  against  the  destroying  influences  of  distilled 
water.  The  degree  of  concentration  necessary  to  maintain  red  cor- 
puscles intact  is  known  as  the  isotonic  coefficient  of  the  blood  as 
stated  in  terms  of  a  given  salt ;  0.44^0.48  is  thus  the  coefficient  of 
normal  blood  corpuscles  in  NaCl,  provided  we  do  not  take  account 
of  any  changes  in  the  red  cells  other  than  the  giving  up  of  their 
haemoglobin.  In  solutions  weaker  than  0.44  to  0.48  per  cent  XaCl 
the  haemoglobin  leaves  the  corpuscles;  but  minor  changes — especially 
swelling  of  the  whole  cell — may  occur  in  any  solution  of  NaCl 
weaker  than  0.9  per  cent,  so  that  if  we  desire  for  therapeutic  pur- 
poses a  solution  as  neutral  as  possible  in  relation  to  the  red  cells  a 
0.9-per-cent  NaCl  solution  is  better  than  a  weaker  one. 

The  resistance  of  the  blood  cells  to  the  influence  of  electricity, 
heat,  and  mechanical  pressure  has  also  been  investigated  in  various 
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conditions  of  health  and  disease.  Welch  has  suggested  a  possible 
clinical  application  of  these  facts.  There  is  much,  he  says,  for  the 
view  that  the  number  of  blood  plates  is  an  index  of  lowered  resist- 
ance in  the  red  cells.  When  resistance  is  lowered  and  blood  plates 
increase,  intravascular  thrombosis — so  much  dreaded  in  chlorosis, 
so  eagerly  desired  in  aneurisms — is  more  apt  to  occur. 

3.  The  amount  of  solids  in  a  given  quantity  of  blood  can  be  de- 
termined by  weighing  a  given  amount  of  blood  before  and  after  six 
hours'  drying  at  60^  C  Inasmuch  as  the  haemoglobin  percentage 
and  the  specific  gravity  run  practically  parallel  with  the  amount 
of  solids  this  method  has  no  considerable  clinical  value. 

4.  The  vUcosittj  of  a  specimen  of  blood  may  be  estimated  by 
determining  the  force  necessary  to  draw  it  through  a  glass  tube  of  a 
given  length  and  diameter  compared  to  the  force  needed  to  draw  an 
equal  volume  of  water  through  the  same  tube.  Hirsch  and  Beck 
(Deut,  Arch IV  f.  kiln,  Med,,  April  12th,  1901)  have  worked  out  an 
apparatus  on  this  principle  and  found  tliat  judged  by  this  test 
normal  blood  is  5.1  times  as  viscid  as  water,  both  being  tested  at 
38°  C.  Different  specimens  of  normal  blood  vary  from  4.0  to  5.9 
(water  =  1) 


PART  II. 

PHYSIOLOGY  OF  THE  BLOOD. 


CHAPTER  IV. 

Only  such  portions  of  our  knowledge  of  blood  physiology  will 
be  entered  upon  here  as  are  necessary  for  an  understanding  of  the 
small  group  of  pathological  changes  which  can  be  profitably  inves- 
tigated by  clinicians.  This  limits  us  for  the  present  to  the  mor- 
phology  of  the  blood,  its  coloring  matter^  and  its  density  under 
physiological  conditions. 

Appearance  of  Fresh  Normal  Blood. 

/.  Red  Corpuscles, 

(a)  If  the  blood  is  spread  thickly  the  blood  discs  are  often 
arranged  in  the  form  of  rouleaux  (Fig.  22),  which  represents  a  form 
of  agglutination.  Adding  horses'  serum  to  human  blood  greatly 
increases  the  tendency  to  rouleaux  formation,  while  iuNaCl  solution 
the  rouleaux  are  not  formed  at  all  (Shattock :  Joum.  oj  Path,  and 
Bad,,  1900,  p.  313).  The  entire  absence  of  this  tendency  to 
rouleaux  formation  is  pathological.  It  is  to  be  avoided,  of  course, 
as  far  as  possible,  as  it  gives  us  only  the  thin  edges  of  the  corpuscles 
to  look  at,  and  covers  up  much  that  we  need  to  study.  Thin  spread- 
ing of  the  blood  is  therefore  important. 

(hi)  There  is  not  much  variation  from  the  accurately  round  shape 
of  each  corpuscle  in  normal  blood,  except  where  one  is  indented  by 
another.  As  they  are  moved  about  by  the  currents  set  in  motion 
by  the  gradual  drying  up  of  the  plasma,  and  strike  against  each 
other,  they  bend,  double  up,  or  indent  each  other  like  bags  of  jelly, 
but  yet  always  have  a  strong  tendency  to  return  elastically  to  their 
round  outline  when  free  from  pressure.  Thus  a  corpuscle  passing 
through  a  narrow  passage  between  two  leucocytes  will  be  flattened 
out  like  a  worm ;  but  as  soon  as  it  emerges  on  the  other  side,  it  will 

be  as  round  as  before. 
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(c)  The  central  hiconeavUy  of  the  cell,  being  thinner  than  the 
rim,  is  lighter  colored.  Just  how  much  lighter  should  be  learned 
by  practice  so  that  we  may  detect  any  abnormal  pallor  of  the  corpus- 
cles due  to  lack  of  haemoglobin.  Pallor  is  to  be  seen  mostly  in  the 
centre  of  the  cell,  which  in  extreme  cases  seems  almost  transparent. 
This  is  not  to  l)e  confoimded  with  the  highly  refractile,  glistening- 
white  centres  seen  as  a  mark  of  necrosis  as  soon  as  the  blood  begins 
to  dry  up.  A  fuller  description  of  these  appearances  is  g^ven  in 
the  chapter  on  the  malarial  organisms,  with  some  forms  of  which 
they  may  be  confounded. 

(d)  Slight  variations  in  size  are  present  among  normal  red  discs, 
and  here  again  only  practice  can  teach  us  where  the  normal  limits 
end  and  the  pathological  begin.  Cells  may  be  (pathologically)  all 
undersized  or  all  oversized,  so  that  a  standard  of  comparison  is  not 
always  to  be  looked  for  in  the  preparation  itself. 

(e)  If  we  focus  carefully  on  a  single  red  cell,  we  can  usually 
make  out  a  fine,  wavy,  so-called  molecular  motion  in  it.  This  is 
quite  different  from  the  active  amoeboid  movements  observed  in 
dying  cells,  and  from  the  rapid  dancing  of  malarial  pigment. 

(/)  The  familiar  appearance  of  spines  all  over  the  cells  usually 
called  ^^ crenation"  need  not  be  described  here  (see  Fig.  24,  p.  79). 

But  it  is  the  very  earliest  beginning  of  crenation  that  leads  to 
mistakes,  as  when  only  one  projection  has  been  developed  and  that 
points  toward  the  eye,  so  that  a  bright  spot  in  the  corpuscle  is  all 
we  see. 

((/)  Unless  we  disinfect  the  skin  before  puncturing  we  must  be 
prepared  to  find  in  fresh  preparations  (1)  oil  drops  ;  '  (2)  epithe- 
lium; (3)  particles  of  "dirt "  ;  (4)  small  colorless  motile  organisms 
about  1  ,a  in  diameter  (Muller's  "  Haemoconien,"  see  page  58). 

(h)  We  may  make  a  rough  estimate  of  the  n umber  of  red  cells 
present  if  we  take  care  to  spread  the  drop  of  the  same  thickness 
each  time.  The  eye  gets  used  to  the  ordinary  look  of  a  well-filled 
field  of  corpuscles  and  notices  a  look  of  thinness  if  any  considerable 
anaemia  is  present. 

(/)  The  degenemtlve  changes  to  be  seen  in  normal  blood  after 
long  exposure  to  the  air,  .which  can  get  in  between  slide  and  cover, 
are  described  in  detail  later  on.  In  pathological  blood  we  may  find 
these  as  soon  as  the  blood  is  drawn. 

'  In  some  conditions  the  blood  really  contains  fat  (tide  infra,  **  Lipaemia**). 
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11.    White  Cells. 

(a)  The  white  or  colorless  cells  are  but  little  different  from  the 
red  in  color,  the  latter  being  so  nearly  colorless.  We  first  notice 
them  either  by  their  amoeboid  movements,  or  because  they  are  not 
moved  by  the  plasma  currents,  but  stand  like  a  rock  round  the  sides 
of  which  the  current  of  red  cells  is  broken.  They  are  slightly 
larger  in  most  instances  than  the  red  cells;  but  this  difference 
shows  less  in  the  fresh  specimens  where  the  leucocyte  keeps  its 
spherical  shape  than  in  the  dried  and  stained  preparations,  where  it 
is  usually  somewhat  flattened.  Their  shape  is  very  irregular  and 
their  edges  often  look  tattered. 

In  some  leucocytes  the  amoeboid  motions  are  almost  absent 
These  are  the  smallest  cells,  and  in  them  a  single  nucleus  filling 
most  of  the  cell  can  often  be  seen.     They  are  much  more  nearly 
spherical  and  less  irregular  than  the  larger  and  more  active  cells. 

The  large  amoeboid  leucocytes  are  more  or  less  granular,  and  in 
certain  lights  these  granules  look  quite  dark  and  are  sometimes 
mistaken  for  bits  of  malarial  pigment.  This  is  especially  true  of 
the  coarse  granular  cells  seen  occasionally;  staining  shows  these 
large  granules  much  more  distinctly  (=eosinophile— see  below,  page 
61) ;  cells  of  this  type  are  the  most  actively  amoeboid  of  all. 

(b)  The  most  important  point  in  connection  with  the  leucocytes 
is  their  ratio  to  the  red  cells.  This  is  estimated  in  fresh  specimens 
not  by  any  actual  counting,  but  by  reference  to  a  standard  fixed  in 
the  mind  by  study  of  normal  specimens,  so  that  any  considerable 
increase  of  the  white  cells  is  noticed  at  once  Naturally  we  must 
not  judge  from  any  one  part  of  the  slide,  as  the  distribution  of  the 
leucocytes  may  be  unequal  in  different  parts  of  it. 

111.  Blood  Plates.' 

Unless  the  number  of  these  elements  is  increased  by  some  path- 
ological influence,  we  seldom  notice  them  at  all  in  fresh  blood. 
This  may  be  because  we  do  not  work  quickly  enough  in  preparing 
our  specimen  Hayem  recommends  that  the  cover-glass  be  laid 
upon  the  slide  before  the  puncture  is  made;  as  soon  as  the  drop 

'  It  is  probable  that  the  elements  included  under  this  heading  comprise 
several  different  things.  It  is  beyond  the  plan  of  this  book  to  discuss  their 
origin  and  significance,  since  they  possess  at  present  no  clinical  value. 
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emerges  it  is  allowed  to  rim  in  between  slide  and  rover  by  capillary 
attraction,  thus  avoiding  contact  witli  the  ulr. '  The  blood  plates  are 
irregularly  shaped,  very  cohesive  elements,  about  one-half  the  diam- 
eter of  a  blood  disc,  usually  seen  clinging  together  in  masses  like 
cobgloea.     They  are  colorless  and  not  amoeboid  and  look  like  debru. 

IV.  Fibrin  Netirork. 

After  a  specimen  of  fresh  blood  has  stood  for  some  time  exposed 
to  as  much  air  as  can  creep  in  between  slide  and  cover-glass,  we 
begin  to  nofiee  a  network  of  fine  straight  lines  in  the  spaces  be- 
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tweeu  the  corpuscles.  Here  and  there  these  filaments  seem  to 
radiate  from  a  centre  where  irregular,  colorless  masses,  apparently 
blood  plates,  are  to  be  seen  (Fig.  22). 

No  stain  is  needed  to  demonstrate  these  tibrin  threads,  but  a 
small-aperture  diaphragm  and  very  little  light  make  them  plainer. 

'  Tliia  is  u  very  satisfactory  way  it  w<?  wish  to  see  tlic  corpuscles  as  fresh 
and  unspoiled  as  we  cao.  Put  a  cover-glass  on  n  slide  so  tliat  the  edge  of  one 
corresponds  with  the  edge  of  the  otiicr,  and,  holding  them  in  this  position 
with  finger  and  thumb,  put  their  superimposed  edges  Into  the  tide  of  the  drop 
as  it  emerges.  It  will  run  In  between  them  by  capillary  attraction.  Blood 
plates  stAincd  by  Wright's  method  are  easily  seen  and  their  uumlwr  may  be 
■pproxintately  estimated. 
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Their  only  importance  ia  that  under  certain  pathological  conditions 
the  Kbiin  uetworlc  is  very  much  increased  and  helps  us  in  the  diag- 


nosis (Pig.  23).     H<:-nce  it  U  of  importance  to  be  familiar  witli  the 
ordinary  closeness  of  the  network  in  normal  blood  as  a  standard  of 


For  an  account  of  the  conditions  of  its  increase  see  Chapter  IX., 
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The  blood  under  uoiinnl  conditions  shows  considerable  variations 
in  the  itize  of  its  corpuscles  in  the  fresh  state  as  well  as  in  stained 
specimens. ' 
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'  A  method  of  mrasurfng,  approidmutely 
dlniuul  work  is  tlie  ToHowing: 

lislng  a  camera  lucida,  Iraco  on  paper  Ilic  divJBioDs  of  u  fine  Htngi.'  mJcroRi' 
etrt  us  seen  under  a  onf-twclfth  oil  immersian  lensi  such  micrumetcrg  &re 
luiually  ruled  la  one  onehunilredth  of  a  millimetre.  ApproxiuiHEc  occuraejr 
iDOurtradug  can  be  obtained  if  the  process  is  repealed  till  the  divisions 
market)  in  Bucc^HsivcdnwingHrom'spoad  accurately  one  with  another.  Care 
muot  be  token  that  the  paper  Is  flat  upon  the  tabic  beside  tlie  microscope,  and 
not  nlBcd  on  a  block  or  otherwise ;  alfio  that  the  part  of  the  paper  on  whlcli 
irt  dr>w  slioulrl  Ik.'  perpend ieutarly  under  the  centre  of  the  mirror  and  not  aff 
to  one  side.  When  a  drawing  has  bren  made  wltb  these  precautioos,  we  havn 
only  to  ilivide  tliu  space  between  each  of  tbe  lines  in  our  drawing  Into  ten 
«(jaal  pttru,  and  we  have  a  scale,  each  division  of  which  represeats  1  ^  as  seen 
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The  following  table  (v.  Limbeck)  shows  the  results  of  various 
observers. 

Normal  Limlti.  Average  Diameter. 

Welcker diameter  =  4.5-9.5/<  7  fi 

Valentin , 7  /« 

Malinin 1,1  fi 

Hayem diameter  =  6-8.8  n  .  7.5  /« 

Mallassez 7.6  // 

Laache diameter  =  6-9  /< 8.5  /« 

Bizzozero 7.075  fi 

Gram diameter  =  6.7-9.8  fi  7.850  ii 

Average  =  7.5 /« 

These  differences  depend  partly  on  differences  in  the  method  of 
measuring  (wet  or  dry),  and  partly  on  the  fact  that  the  age  and 
eonditions  of  nutrition  in  the  persons  selected  make  a  difference. 
In  the  new-boni,  and  to  some  extent  throughout  childhood,  the 
normal  limits  of  variations  are  wider  than  in  adults  (3.3-10.5  /i, 
Hayem) .     Sex  appears  to  have  no  constant  influence. 

The  majority  of  any  individual's  red  cells  are  certainly  about 
7.5  !JL  in  diameter,  and  this  viay  accordingly  be  taken  as  our 
standard  (Hayem  counts  twelve  per  cent  under  6.6  At,  twelve  per 
cent  over  8  /i,  the  rest  7.5  ^i). 

Normal  Number  of  the  Ked  Cells. 

1.  At  the  level  of  the  sea  and  in  adult  life  the  normal  number 
of  red  cells  per  cubic  millimetre  is  about  5,000,000  for  men  and 
4,500,000  for  women.  This  is  frequently  exceeded  in  vigorous, 
healthy  persons;  6,000,000  is  by  no  means  rare  among  healthy 
young  men,  and  higher  figures  are  seen  occasionally.  Thus  Hewes  * 
in  fifty  young  medical  students  found  an  average  of  5,809,000  per 
cubic  niillinietre;  of  these  fifteen  exceeded  6,000,000,  the  highest 
being  6,400,000,  while  the  lowest  of  the  whole  series  was  5,120,- 

under  a  one  twelfth  oil -immersion  lens,  with  the  tube  of  the  particular  micro- 
scope used.  To  use  o\ir  //scale  we  have  only  to  draw  with  the  camera  lucida 
any  cell  whose  size  we  want  to  know,  using  always  the  same  microscope,  the 
same  length  of  tube,  and  the  same  lenses,  and  having  the  drawing  paper  as 
before  tlat  on  the  table  and  perpendicularly  under  the  mirror.  The  drawing 
thus  made  is  measured  with  the  //-scale  like  any  other  object 

With  this  method  a  cell  can  be  measured  in  a  few  seconds  and  with  suffi- 
cient accuracy  {i.e.,  within  0.5//). 

*  Transactions  of  the  Boston  Society  of  Medical  Science,  May  18th,  1897. 
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000.     Altitude  above  the  sea  level  raises  the  count  invariably  (see 
page  74). 

2.  The  influence  of  menstruation,  childbirth,  and  lactation  is  to 
diminish  the  red  cells  temporarily,  the  amount  of  the  diminution 
depending  not  only  on  the  amount  of  blood  lost  but  on  the  capacity 
of  the  individual  organism  for  blood  regeneration  At  puberty, 
when  sexual  functions  are  being  established,  we  expect  lower  counts 
than  after  the  establishment  of  the  function.  Normal  pregnancy 
does  not  affect  the  count  of  red  cells. 

3.  The  count  of  red  cells  per  cubic  millimetre  is  raised  by  any 
cause  inducing  concentration  of  the  blood,' snch  as  profuse  sweating, 
and  is  lowered  by  the  temporary  dilution  of  the  blood  after  large 
draughts  of  liquid.  In  these  changes,  which  are  always  very  tran- 
sient, the  haemoglobin  and  specific  gravity  in  a  given  drop  are  of 
course  increased  with  the  corpuscles. 

Vasomotor  infltiences  affecting  the  calibre  of  the  peripheral  ves- 
sels (hot  or  cold  baths,  exercise,  etc.)  may  temporarily  concentrate 
or  dilute  the  blood  by  affecting  the  interchange  of  fluid  between  the 
vessels  and  the  surrounding  lymph  spaces.  By  these  processes  the 
blood  in  the  peripheral  vessels  may  show  an  increase  or  diminution 
in  the  cellular  elements,  the  liaemoglobin  and  specific  gravity  corre- 
sponding to  the  greater  or  less  concentration  of  the  blood  at  that 
point  (on  these  points  see  below,  page  73.) 

Hayem  noted  that  in  young  people  especially  the  number  of  red 
cells  varied  considerably  without  any  notable  change  in  conditions. 

4.  Influence  of  Nutrition  on  the  N^imher  of  Red  Cells, 

A.  After  a  meal,  especially  when  considerable  liquid  is  taken, 
the  blood  is  temporarily  diluted  and  hence  the  count  of  red  cells 
per  cubic  millimetre  is  diminished  .(v.  Limbeck,  Reinert).  This  is 
illustrated  by  the  following  case  from  v.  Limbeck : 

Adult  Male,  Healthy. 

Red  Cells.  .  White  Cells.            Haemoglobin. 

11 :15  A.  M 5,530,000  7,660      98  per  cent. 

12  H.  dinner. 

12:15  P.M.' 5,820,000  6,166 

1:15  **  5,480.000  8,500 

2:15  "  4,733,000  12.000 

8:15  **  ....4.872,000  14.000       89  per  cent. 

4:15  •*  4.720.000  10.830       89   ** 
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As  the  white  cells  rise  (diurnal  variations,  see  page  91)  the  red 
fall. 

Fasting,  by  concentrating  the  blood,  temporarily  increases  the 
number  of  red  cells  (400,000-600,000  increase  after  twenty-four 
hours'  fast). 

B.  General  Nutrition, — Lean,  muscular  people  have  on  the  aver- 
age more  red  cells  per  cubic  millimetre  than  fat  people  (Leichten- 
stem,  quoted  by  v.  Limbeck),  other  things  being  equal.* 

As  above  said,  fasting  (by  concentrating  the  blood)  raises  the 
number  of  red  blood  cells,  so  that  it  is  not  simply  hunger  that  gives 
us  the  dimhiution  in  red  cells  commonly  found  in  poorly  nourished 
people^  but  rather  the  influence  of  bad  hygiene  in  the  slums,  etc. 

6.  Seasons  and  the  time  of  day  seem  to  have  no  influence  in 
themselves.  The  same  is  true  of  race  and  climate.  The  only  ex- 
ception to  this  is  reported  in  the  work  of  E.  Below,*  who  found  in 
yellow-fever  districts  an  average  count  of  only  4,700,000  red  cells 
per  cubic  millimetre  and  the  diameter  of  the  individual  cell  reduced 
to  5.9  /x  on  the  average  (7.5  /i  =  normal).' 

6.  Fatigue.— ¥L\!iy em  noted  a  loss  of  from  500,000  to  1,000,000 
red  cells  per  cubic  millimetre  in  the  blood  of  a  number  of  farmers 
after  a  hard  summer's  work,  the  counts  made  in  September  having 
been  compared  with  those  of  April  and  always  found  to  be  lower. 
Whether  fatigue  is  the  only  cause  of  this  diminution  may  be 
doubted. 

7.  Age. — In  the  new-born  the  number  of  red  cells  is  very  high 
for  a  few  days  (7,000,000  to  8,800,000),  but  falls  at  the  end  of 
seven  to  ten  days  (see  page  445). 

In  the  very  old  a  certain  degree  of  anaemia  is,  so  to  speak,  physi- 
ological; but  this,  which  like  the  plethora  of  the  new-born  is  to  be 
referred  not  to  the  fact  of  age  but  to  concomitant  influences,  is  by 
no  means  invariable.  Schmaltz  reports  6,766,000  red  cells  in  a 
man  of  eighty-one  and  4,816,000  in  a  woman  of  seventy-four. 

Normal  Number  of  White  Cells. 

The  figure  usually  given  for  adults  is  7,500  per  cubic  milli- 
metre.    This  varies  a  good  deal,  according  to  the  nutrition  of  the 

'  The  influeDce  of  stasis  in  the  obese,  whose  fat  loads  the  surface  of  the 
heart,  is  to  cause  an  apparent  increase  of  red  cells. 
«**Deut.  Tropenhygiene,"  Berlin.  1895.     O.  Coblanz. 
*  See  also  under  Anchylostomiasis,  page  438. 


PHT9IOLOGY  OF  THB  BLOOD.  57 

individual  (see  page  89)  and  also  at  different  times  oE  the  day, 
owing  to  influences  not  explained,  hi  animals  a  slight  shock'  is 
sufficient  luat^rially  to  affect  the  count  of  leucocytes;  6,000  to 
10,600  may  be  called  the  normal  limits.  Honibeig  tinda  9,058  as 
the  average  count  in  lifty-five  healthy  young  women.  There  is,  I 
believe,  no  evideuce  to  show  whether  or  not  mental  distuibances 
(fear,  rage,  emotion  of  various  kinds)  affect  their  numbei',  but  my 
impression  is  that  they  do  Utiier  causes  of  variation  will  he  dis- 
cussed under  Leucocytosis. 


Blood  Platks. 

The  uumlier  of  blood  plates  is  variously  estimated  at  from 
180,000-250,000  (v.  Eniden)  to  860,000  (Kemp  and  Ualhoun). 
They  do  not  contain  htemoglobin  and  show  no  signs  of  a  nnclena. 
They  are  tlie  chief  constituents  of  white  thrombi.  Wherever  they 
are  diminished  (e.g.,  in  hemophilia,  purpura)  clotting  is  apt  lo  lie 
stow,  and  there  is  reason  to  believe — 

(a)  That  their  number  is  an  index  of  lowered  resistant*  of  ihe 
red  cells. 

(6)  That  whenever  their  number  is  much  increased,  thrombosis 
is  likely  to  occur.  In  chlorosis,  for  instance,  their  number  is  in- 
creased and  thrombosis  is  relatively  common,  while  in  pernicious 
ansemia  they  are  diminished,  and  thrombosis  rarely  if  ever  occurs. 

Coagulation  time  outside  the  body  depends  largely  on  the  amount 
of  fibrin  and  is  a  wholly  different  phenomenon  from  intravascular 
thrombosis.  This  is  of  importance  in  connection  with  the  use  of 
gelatin  injections  to  favor  thrombosis  in  aneuiisms.  An  increased 
rapidity  of  coagulation  outside  the  body  is  no  indication  of  success 
in  sncli  esses.  Blood  plates  are  increased  in  chlorosis  and  in  many 
ca^es  of  grave  anffimia.  In  the  severer  types  of  many  infections 
(measles,  erysipleas,  malaria)  they  are  diminished,  and  in  malaria 
they  are  sometimes  wholly  absent  during  the  fever.  lu  pneumonia 
and  tuberculosis  they  are  normal  or  increased.  In  purpura  and 
hemophilia  they  are  Eometimes  much  diminished  or  absent. 

The  physiological  limits  of  the  amount  of  hwrnoffhltin  and  of  the 
ipecifie  gravity  have  already  been  mentioned.     Under  physiological 
I  Qoaditions  their  variations  follow  those  of  the  count  of  red  cells. 
•  LOwIt:  "Slndien  x.  Pliysiol.  und  Pathol,  d.  Blutes."  etc.,  Jean,  I8»& 
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Muller's  "Blood  Dust.'' 

Mtlller*  has  described  under  the  title  of  "Haemoconien,"  or 
blood  dust,  a  constituent  of  normal  and  pathological  blood  not 
previously  noticed.  This  consists  of  small  round  colorless  granules 
about  the  size  of  the  finest  fat  drops — or  about  0.26-1  /i  in  diameter, 
their  size  being  very  variable.  They  are  highly  refractile  and 
have  rapid  dancing  (molecular)  motion,  but  no  power  of  locomotion. 
They  are  insoluble  in  alcohol  and  ether,  not  stained  by  osmic 
acid,  and  take  no  part  in  the  formation  of  fibrin.  Stokes  and 
Wegefarth,*  who  have  confirmed  Mtlller's  observations,  note  that 
the  **  blood  dust "  can  be  seen  much  more  clearly  by  the  light  of  a 
Welsbach  gas  burner  than  by  daylight.  The  latter  observers  pre- 
sent a  body  of  evidence  tending  strongly  to  show  that  these  bodies 
are  the  extruded  granules  of  neutrophilic  and  eosinophilic  leucocytes. 
Granules  apparently  identical  with  them  can  be  stained  in  fresh 
specimens  with  eosin  or  Ehrlich's  triacid  stain  in  a  way  apparently 
like  that  of  the  intracellular  granules."  They  are  also  to  be  seen 
in  pus  and  in  hydrocele  fluid. 

No  special  diagnostic  or  prognostic  significance  has  yet  been 
attached  to  them,  though  the  work  of  Kanthack  and  Stokes  renders 
them  of  great  interest  with  reference  to  the  problem  of  immunity. 

»  Centralbl.  fQrallg.  Path.,  etc..  viii.,  1896. 

*  Johns  Hopkins  Hospital  Bulletin,  December,  1897. 

•Nicholls:  Phil.  Med.  Jour..  February  26th,  1898. 


CHAPTER  V. 

FINER  STRUCTURE  OP  THE  BLOOD. 
Appearances  of  Dried  and  Stained  Specimens. 

• 

In  cover-glass  specimens  prepared  and  stained  as  above  directed 
approximate  ideas  of  the  quantity  of  red  cells,  of  white  cells,  and 
of  hsemoglobin  can  be  formed,  parasites  and  bacteria  can  be  seen; 
the  whole  mass  of  evidence  based  on  the  finer  structure  of  the 
leucocytes  can  be  obtained  only  in  this  way.  The  appearances  of  a 
specimen  of  normal  blood  prepared  in  this  way  are  as  follows : 

Bed  Cells. 

1.  With  Wright's  modification  of  Leishman's  stain  the  haemo- 
globin stains  pink  or  yellow  according  to  the  amount  of  decoloriza- 
tion  with  water.  With  Ehrlich's  triple  stain  the  haemoglobin  takes 
up  the  orange  G  of  the  mixture,  and  in  a  properly  heated  specimen 
the  red  cells  are  of  a  brilliant  yellow  or  pale  orange  tint.  If  over- 
heated they  have  a  feebly  stained,  washed-out  look,  while  if  under- 
heated  they  are  more  or  less  brown  or  gray,  * 

The  degree  of  pallor  of  the  centres  corresponds  to  the  amount  of 
haemoglobin  in  the  corpuscles,  and  can  be  gauged  much  more  accu- 
rately in  stained  than  in  fresli  preparations.  The  color  of  the 
edges  is  not  much  affected  by  pathological  changes,  the  centies 
being  the  test.  But  in  cases  with  extreme  poverty  of  haemoglobin 
the  colored  rim  may  be  reduced  to  a  mere  shell  and  the  rest  may  be 
almost  completely  colorless.  The  power  roughly  to  estimate  the 
amount  of  coloring  matter  in  this  way  can  be  easily  acquired. 

An  approximate  idea  of  the  number  of  red  cells  may  be  formed 
by  any  observer  who  has  learned  to  use  a  uniform  technique  in  each 
case  and  to  spread  the  blood  of  a  standard  thickness. 

*  This  is  a  fruitful  source  of  error.  Many  suppose  that  because  their  speci- 
mens come  out  too  dark  they  must  be  "burnt,"  and  so  heat  less.  In  fact  the 
dark  tint  means  that  the  specimen  is  not  heated  enough. 
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2.  With  Ehrlich's  mixture  the  blood  plates  do  not  stain  at  all. 
With  Wright's  stain  they  are  colored  dark  purple  or  red. 

White  Corpuscles. 

In  normal  blood  stained  by  either  of  the  methods  above  descril)ed 
we  recognize  the  following  varieties  of  white  cells : 

1.  Those  known  as  *"' polynudea r  ^^  ov  polymorphonuclear  neu- 
throphilie  leucocytes ^  which  make  up  about  two- thirds  of  all  the 
white  corpuscles  of  normal  blood  and  constitute  the  vast  majority 
of  those  found  in  ordinary  pus.  Stained  by  Wright's  method  the 
nucleus  takes  an  intense  navy-blue  color,  and  a  moderate  amount 
of  network  structure  is  visible  within  it.  With  Ehrlich's  stain  the 
nucleus  takes  a  much  lighter  blue  color,  and  its  edges  are  ill  defined, 
so  that  it  does  not  so  easily  catch  the  eye.  It  is  very  irregular  in 
shape,  and  no  two  are  just  alike.  One  often  sees  two  main  portions 
with  outlines  about  as  irregular  as  those  of  the  American  continents, 
and  joined  by  a  filament  as  narrow  relatively  as  the  Isthmus  of 
Panama.  The  different  parts  of  the  nucleus  often  seem  to  be 
wholly  separated  from  each  other,  but  this  is  very  rarely  if  ever  the 
case.  Careful  focussing  brings  out  fine  filaments  joining  the  appar- 
ently separated  pieces.  The  windings  and  twistings  of  the  nucleus 
suggest  comparisons  to  the  letters  Z,  S,  or  E. 

In  the  protoplasm  of  the  cell  around  the  nucleus  fine  granula- 
tions can  be  demonstrated  which  take  a  variety  of  shades  of  pink 
with  Wright's  stain,  and  with  Ehrlich's  a  violet  or  purple.  They 
are  very  small  and  irregular  in  shape,  contrasting  with  larger  and 
more  spherical  granules  of  the  eosinophile.  Between  them  can  be 
seen  in  most  cases  a  pinkish  stained  background  of  cell  substance. 
With  the  lower  powers  of  the  microscope  they  seem  to  fuse  together 
into  a  diffuse  pinkish  or  purplish  mass. 

The  term  "  neutrophilic  "  is  not  strictly  accurate,  since  the  gran- 
ules can  be  stained  (though  more  faintly)  with  eosin,  but  they  are 
most  distinct  when  stained  with  a  differential  acid  mixture  like 
Ehrlich's  "triacid,"  which  contains  both  an  acid  and  a  basic  dye. 
There  is  some  evidence  for  believing  that  these  granules  have  when 
young  a  basic  affinity,  gradually  changing  to  an  acid  affinity  as  they 
mature.* ' 

*  Id  infectious  diseases  and  grave  antjemias  the  granules  of  the  polynuclear 
cells  may  altogether  lose  their  staining  affinities  or  large  oval  basophilic  dots 
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PLATE  I. 

Fig.  1. — (a)  Polymorphonuclear  Neutraphiles.  Note  the  varieties  in  size 
and  sliape  of  granules,  the  irregular  staining  of  the  nuclei,  the  light  space 
around  them,  their  relatively  central  position  in  the  cell. 

{b)  Mjfelocyten,  Note  identity  of  granules  with  those  just  described;  the 
even,  pale  stain  of  nuclei ;  their  position  near  the  surface  (edge)  of  the  cell. 
The  two  cells  figured  indicate  the  usual  variations  in  the  size  of  the  whole  cell. 

{c)  SnuiU  Lymphocytes.  In  the  cell  at  the  left  note  transparent  protoplasm ; 
in  the  cell  next  to  it  note  very  pale  pink  of  protoplasm  around  nucleus  which 
is  deeply  stained,  especially  at  the  peripher}'.  The  next  cell  has  an  indented 
nucleus;  its  protoplasm  relatively  distinct.  The  cell  on  the  extreme  right 
shows  no  protoplasm  and  is  probably  necrotic.  In  all  note  absence  of  granules 
with  this  stain.     With  basic  stains  a  blue  network  appears  in  the  protoplasm. 

(rf)  Large  Lymphocytes.  Note  pale-stained  nuclei  and  protoplasm,  irregu- 
larity of  outline ;  indented  nucleus  in  one.  Every  intermediate  stage  between 
these  and  the  "^ small"  lymphocytes  occurs,  and  the  distinction  between  them 
is  arbitrary. 

(e)  Eosinophile.  Note  irregular  sliape,  loose  connection  of  granules,  their 
copper  color,  their  uniform  and  relatively  large  size,  and  spherical  shape. 

(/)  Eosinophilic  Myelocyte.  Note  similarity  to  {b)  ordinary  myelocytes  ex- 
cept as  regards  granules.  Color  of  granules  may  be  as  in  (e)  ordinary  eosin- 
ophile. 

All  the  above  were  stained  with  the  Ehrlich  triacid  stain,  and  drawn  with 
camera  lucida.    Oil-immersion  objective  one-twelfth  and  ocular  No.  iii.  (Leitz). 

Fio.  2.  — Malarial  Parasites  in  Fresh  ( Unstained)  Blood  (Tertian  Forms). 
y,y,  normal  red  corpuscles;  1,  red  cell  containing  hyaline  body ;  2,  8,  4,  5, 
successive  stages  in  the  development  of  the  parasite,  showing  acquisition  of 
pigment ;  6,  7,  full-grown  parasites,  the  corpuscle  no  longer  visible ;  8,  begin- 
ning of  segmentation ;  9,  segmentation.  In  6  and  7  note  brownish  blur  behind 
the  pigment  dots.     Drawn  as  in  Fig.  1. 

Fig.  3. — Tertian  Parasite  Stained  with  Eosin  and  Methyl  Blue.  The  re- 
mains of  the  corpuscle  containing  the  parasite  stain  pink,  the  parasite  blue, 
and  its  pigment  black.  The  stages  of  growth  correspond  with  the  numbers 
attached.  Note  in  Figs.  1,  2,  8,  and  4  the  shape  of  the  parasite,  shown  better 
than  in  fresh  specimen. 

[Owing  to  a  mistake  the  cells  in  Fig.  8  are  not  drawn  according  to  a  single 
scale  and  their  relative  sizes  must  be  disregarded.] 
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2.  Lt/inphoeyU». — Witli  Wright's  Btam  tlie  nucleus,  which  is 
about  the  siz«  and  shaj>e  of  a.  icd  corpuscle,  stains  deep  purplish  blue 
(see  PUt«  A).  Around  it  is  a  narrow  I'im  of  protoplasm,  which 
lakes  ii  robla's-egg-bliie  tinge.  As  a  rule  this  rim  shows  no  gran- 
ulesjbnt  occasioually  a  few  blue  or  pink  dots  may  be  seen  upon  it. 
With  Ehrlich's  triple  staiu  the  nucleus  of  lymphocyte  is  colored 
very  pale  blue  in  the  majority  of  instances,  so  that  the  cell  often 
escapes  notice  in  ha.sty  differential  counts.  The  protoplasin  may  be 
nltngether  unstained,  or  may  be  of  a  bluish  tint,  still  paler  than 
that  of  the  nucleus  (see  Plate  I). 

Cells  of  the  type  just  described  vary  in  size  from  that  of  a  red 
corpuscle,  or  slightly  smaller,  up  to  two  or  three  times  that  size.  In 
the  larger  forms  the  nucleus  may  he  eccentric  or  indented  and  the 
protoplasm  rim  wider.  One  often  sees  in  the  protoplasm  of  these 
forms  pink,  purple,  or  dark-blue  granules,  which  are  of  various 
sizes,  but  usually  scanty.  Some  of  the  large  forms  have  a  proto- 
plasm considerably  darker  in  color  than  that  of  the  small  lympho- 
cytes, and  at  times  the  granules  are  so  numerous  that  it  is  difficult 
lo  distinguish  the  cells  from  myelocytes. 

Occasionally  the  nucleus  is  more  or  less  deeply  indented  at  one 
side  (Ehrlich's  "transitional  forms"). 

Within  the  group  of  cells  just  described  most  competent  ob- 
ii«rver3  distinguish  two  types,  one  called  "lymphocytes  proper" 
Oarge  or  small)  and  the  other 'Va rye  mononuclear  edh."  I  think 
th«re  is  good  reason  to  believe  that  this  distinction  is  conect,  but  aa 
DO  clinical  importance  has  ever  been  attached  to  the  so-called  large 
mononuclear  cells,  and  as  they  make  up  in  the  great  majority  of 
cases  but  a  few  per  cent  of  all  the  leucocytes,  it  seems  to  me  best 
at  the  present  time  to  include  them  for  practical  purposes  within 
tJic  lymphocyte  group. 

3,  Eosinophilts.— 'With  Wright's  stain  the  nuclei  are  stained 
light  blue  or  lilac,  with  a  vague  intranuclear  structure.  They  are 
polymorphous,  like  those  of  the  neutrophils,  but  with  a  looser 
structure.  The  granules,  which  are  about  1  /i  iu  diameter  and 
roughly  spherical  or  ovoid  in  shape,  take  with  Wright's  stain  a 
brilliant  eo-iin  tint,  while  around  them  the  protoplasm  is  very  pale 
blue.  With  Ehrlich's  stain  the  gi'anules  are  copper-colored  or 
Irrown,  the  nucleus  is  very  pale  blue,  the  protoplasm  unstained. 
nmf  appcAT  among  Ihe  normal  granules,  (nirclifett:  Berl.  kliu.  Woch.,  July 
£M.  1901.) 
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These  cells  are  more  easily  injured  by  the  technique  of  spreading 
the  film  than  is  any  other  variety  of  leucocyte,  and  are  often  found 
broken,  their  granules  scattered  about  the  fields. 

4.  Mast  Cells. — One  of  the  striking  features  about  Wright's 
stain  is  the  prominence  which  it  gives  to  the  mast  cells,  which,  with 
Ehrlich's  stain,  usually  escape  notice  altogether.  They  are  about 
twice  the  diameter  of  a  red  cell.  Their  nucleus  has  very  vague 
outlines,  but  seems  usually  to  be  polymorphous.  Over  and  around 
it  are  scattered  granules  larger  even  than  those  of  an  eosinophile 
and  of  an  intense  blue  color,  sometimes  almost  black.  They  may 
be  very  numerous,  practically  obscuring  the  nucleus,  or  scattered 
thickly  about  the  .margin  of  the  cells.  Occasionally  they  are  dis- 
tinctly ovoid  and  plum-colored. 

Summing  up,  we  find  it  most  convenient  to  divide  the  leucocytes 
of  normal  blood  into  four  varieties : 

1.  Poly  nuclear  or  polymorphonuclear  neutrophiles. 

2.  Lymphocytes — large  and  small  (including  the  so-called 
'Marge  mononuclear"  forms  and  Ehrlich's  transitional  cells). 

3.  Eosinophiles  (polynuclear). 

4.  Mast  cells. 

Terms. 

No  one  can  feel  more  unsatisfied  with  the  terminology  used  in 
this  book  than  the  writer.  It  rests  partly  on  a  theory  of  the  origin 
of  the  cells  ("  lymphocytes ''),  partly  on  the  properties  of  the  nucleus 
("polymorphonuclear"),  and  partly  on  affinities  for  aniline  dyes 
("  neutrophile  " — "  eosinophile  "). 

All  that  can  he  said  for  it  is  that  it  discards  certain  very  mis- 
leading names  like  "  splenocyte  "  (a  term  applied  by  some  to  the 
large  lymphocytes  according  to  the  now  exploded  theory  that  they 
come  from  the  spleen),  or  like  "small  mononuclear,"  to  designate 
cells  not  rarely  polynuclear. 

Orvjin  of  the  Different   Varieties. 

Two  groups  may  be  distinguished: 

^  (a)  Polymorphonuclear 


I.  The  myelogenous  group 
(from  tlie  bone  marrow). 


neutrophiles. 

(b)  Eosinophiles. 

(c)  Mast  cells. 

(d)  Large  mononuclear  cells 

(Ehrlich)? 
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II.  The  lymphogenous  group  Lymphocytes  of  all 

(from  adenoid  tissue).  sizes. 

Except  within  Group  II.  no  transitions  between  the  differ- 
ent varieties  of  circulating  leucocytes  are  recognized. 

Normal  Percentage  op  Each  Yaribtt. 

In  the  blood  of  healthy  adults  the  proportions  of  the  different 
varieties  above  described  are  the  following : 

.  .  (  Small  lymphocytes 20-80  per  cent. 

^^MLarge  «  4-8 

(ft)  Polymorphonuclear  neutrophiles. 62-70        " 

(c)  Eodnophiles i-4         " 

(d)  "Mastcells** A-A 

(a)  In  infancy  the  percentage  of  lymphocytes  is  much  larger 
(forty  to  sixty  per  cent)  and  the  polymorphonuclear  neutrophiles 
are  only  eighteen  or  forty  per  cent. 

In  a  variety  of  debilitated  conditions  not  usually  thought  of  as 
definite  diseases,  the  percentage  of  lymphocytes  is  comparatively 
large  and  that  of  the  polymorphonuclear  cells  small.  ^  The  general 
vigor  and  health  of  the  individual  can  sometimes  be  estimated 
simply  from  the  leucocytes.  Persons  calling  themselves  well,  but 
never  vigorous  or  active,  may  show  no  more  than  fifty  per  cent  of 
polymorphonuclear  cells,  the  Ij'mphocytes  running  up  to  forty, 
fifty,  or  even  seventy-five  per  cent.  In  an  unmarried  woman  of 
twenty-nine,  suffering  from  no  discoverable  organic  disease,  I  found 
one  day  among  1,200  leucocytes  74.9  per  cent  of  lymphocytes  with 
only  25  per  cent  of  polymorphonuclear  cells.  The  total  leucocyte 
count  was  6,000  per  cubic  millimetre.  Two  weeks  later  the  per- 
centages were  normal,  although  no  change  had  been  observed  in  the 
patient's  (debilitated)  condition.     She  is  now  well  and  married. 

Not  all  cases  of  debility  show  this  change,  and  we  are  not  yet 
in  a  position  to  say  under  just  what  conditions  it  occurs.  It  cer- 
tainly is  not  peculiar  to  tuberculosis,  as  Holmes  has  supposed.  Pre- 
sumably the  conditions  are  such  as  decrease  the  functional  activity 
of  the  marrow. 

(b)  Changes  in  the  percentage  of  neutrophiles  will  be  discussed 
later. 

(c)  The  percentage  of  eosinophiles  often  changes  in  a  way  hard 

'  This  change  is  usually  dependent  on  an  abwlute  diminution  in  the  mye- 
logenous cells. 
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to  explain.  Their  increase  or  decrease  in  the  circulating  blood  does 
not  follow  that  of  the  polymorphonuclear  neutrophiles — in  fact  is 
often  inversely  proportional  to  it,  and  the  eosinophiles  may  be 
markedly  increased  in  a  blood  otherwise  normal,  for  reasons  wholly 
unknown  to  us. 

The  eosinophiles  and  "  mast  cells  "  may  be  pictured  as  compara- 
tive strangers,  though  not  intruders  in  the  circulating  blood.  They 
are  thus  intermediate  between  the  regular  inhabitants  (lymphocytes 
and  neutrophiles)  and  the  variety  next  to  be  mentioned,  which  are 
real  intruders — i.e.,  almost  never  found  in  normal  blood.  These 
are  the 

Myelocytes. 

The  larger  portion  of  the  leucocytes  of  the  marrow  is  made  up 
of  mononuclear  neutrophiles,  a  type  of  cell  not  yet  described,  and 
differing  from  any  variety  found  in  normal  blood,  although  it  has 
many  points  of  resemblance  to  the  polymorphonuclear  neutrophile, 
and  is,  in  fact,  the  same  cell  in  an  early  stage  of  growth.  I  de- 
scribe it  here  because  it  is  peculiar  to  no  one  disease  and  is 
an  occasional  visitor  of  the  blood  in  various  diseased  conditions, 
and  in  conditions  on  the  borderland  between  the  pathological  and 
the  physiological  (starvation,  muscular  fatigue)* 

The  myelocyte  (see  Plate  I.  and  Plate  B.)  is  most  easily  recog- 
nizable if  stained  by  Ehrlich's  methods.  With  Ehrlich's  triple  stain 
it  appears  as  a  spherical  cell  nearly  filled  by  a  large,  pale-stained 
nucleus  immersed  in  neutrophile  granules.  One  sees  at  once  how 
little  it  differs  from  the  large  lymphocytes  (simply  in  having  gran- 
ules) and  from  the  polymorphonuclear  neutrophile  (only  in  the  shape 
of  its  nucleus).  I  have  called  the  granules  neutrophilic,  and  this  is 
true  of  the  great  majority  of  them  in  most  cells.  But  as  Ehrlich  has 
recently  pointed  out,  there  is  a  great  deal  of  variation  in  the  staining 
affinities  of  different  granules,  side  by  side,  in  the  same  cell.  In 
some  granules  (according  to  Ehrlich  the  yovmger  ones)  "there  is 
prominent  a  basophile  portion  which  becomes  less  and  less  marked  as 
the  cell  grows  older."  Such  granules  take  with  Wright's  stain  a 
bluish  tint.  Others  near  them  (older?)  are  violet,  while  others  again 
are  nearly  pink.  In  the  polynuclear  neutrophile  these  basophile  afl^* 
ities  are  much  less  marked,  but  even  in  them  considerable  differences 
may  be  made  out  between  the  tints  of  adjacent  cells  and  of  adja- 
cent granules  in  the  same  cell.     In  size  and  shape  the  myelocyte 
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granules  are  like  those  of  the  polynuclear  cell.  The  nucleus,  by 
which  we  chiefly  distinguish  the  myelocyte,  shows  none  of  the 
twists  and  tunis  characteristic  of  the  polymorphonuclear  neutro- 
phile,  but  is  usually  spherical  or  egg-shaped,  and  is  in  close  contact 
with  the  cell  wall  for  a  comparatively  large  portion  of  its  extent — 
i,e,y  if  egg-shaped  it  is  placed  eccentrically. 

Not  infrequently  the  nucleus  shows  signs  of  old  age  (vacuoles) 
or  of  mitosis,  for  occasionally  we  find  two  nuclei  at  the  poles"  of 
the  cell. 

Size  of  Myelocytes, 

All  the  older  accounts  of  the  myelocyte  speak  of  it  as  a  very 
large  cell,  the  largest  variety  of  leucocyte  ever  seen  in  the  blood. 

This  is  true  of  many  of  them;  diameters  of  18-21  ft  are  not  un- 
common, but  we  also  find  them  of  every  other  size  down  to  10-11  /x 
diameter — that  is,  down  to  the  size  of  a  lymphocyte.  This  holds 
both  for  the  myelocytes  in  the  circulating  (leukaemic)  blood  and  for 
those  in  the  marrow.  No  distinction  from  other  varieties  of  leuco- 
cyte can  be  based  on  size  alone,  unless  we  say  their  average  size  is 
greater  than  the  average  size  of  the  leucocyte.  Perhaps  the  follow- 
ing table  may  be  of  interest : 

Average  diameter  of  100  myelocytes  =  15,75  //. 

**  **         "   100  polymorphonuclear  neutrophile9=  18.50^. 

«  a         •«   100  "  large  "  lymphocytes  =  18  /x. 

•*  u         a   100  eosinophiles  =  12 //. 

«  ••         **  100  "  small "  lymphocytes  =  10  ^. 

**  u         u   jQQ  j.g^j  corpuscles  (normal)  =  7.5  f<. 

Eosinophilic  Myelocytes. 

Under  the  same  conditions  which  favor  the  appearance  of  the 
ordinary  (neutrophilic)  myelocyte,  we  often  find  a  small  number  of 
cells  identical  with  them  in  all  respects,  except  in  possessing  eosino- 
philic in  place  of  neutrophilic  granules.  Such  cells  are  found  in 
abundance  in  the  marrow,  and  this  fact,  together  with  the  resem- 
blance to  the  ordinary  myelocyte  both  in  morphology  and  in  the 
conditions  of  their  occurrence,  seems  to  me  to  justify  the  term 
eosinophilic  myelocyte.  In  them  as  in  all  myelocytes  there  is  a 
wide  variation  between  the  staining  affinities  of  different  granules, 
some  being  much  darker  than  others. 
5 
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So  far  I  have  described  the  type  cell  of  each  variety.  As  we 
should  expect,  atypical  forms  are  numerous.  Some  of  the  com- 
moner ones  are  as  follows : 


I.  Degenerated  Leucocytes. 

Frequently  in  leuksemia  and  occasionally  in  other  conditions 
one  sees  leucocytes  apparently  moribund.  That  they  are  not  oixii- 
nary  artifacts  is  shown  by  the  fact  that  they  are  not  found  in  nor- 
mal blood  treated  by  the  same  technique  that  reveals  them  in  the 
blood  and  in  hardened  blood  clot  of  leuksemic  cases,  as  well  as  by 
the  fact  that  Botkin  and  others  have  produced  similar  appearances 
by  keeping  the  leucocytes  a  few  days  in  an  aseptic  state. 

The  commonest  forms  of  degenerated  leucocytes  are : 

1.  A  homogeneously  stained  mass  looking  like  a  'washed-out, 
sti'uctureless  nucleus  that  has  lost  its  protoplasm  and  become  ragged 
at  the  edges  (karyolysis). 

2.  The  same  intensely  stained. 

3.  Vacuolization  of  the  nucleus  or  of  the  protoplasm. 

All  these  forms  of  degeneration  affect  chiefly  the  lymphocytes 
and  large  mononuclear  forms.  In  the  granular  leucocytes  we  see 
all  stages  of  breaking  up;  the  granules  are  scattered  about  the  iield 
and  the  nucleus  is  pale,  structureless,  and  deformed. 

II.  Transitional   Neutrophiles. 

Cells  on  the  borderland  between  the  "  marrow  cell  ^  and  the 
"polymorphonuclear  leucocyte,"  the  nucleus  having  some  of  the 
characters  of  each  variety  (see  below,  page  103) . 

III.  Turck's    "Stimulation   Forms.'* 

These  cells  are  also  described  by  Engel  as  "  mononuclear  cells  " 
and  very  recently  by  Weil  as  "  nontgranular  myelocytes." 

Weil's  description  conveys  the  salient  points  in  the  appearance 
of  this  cell.  It  looks  like  a  myelocyte  whose  granules  have  been 
fused  into  a  smooth  homogeneous  band  of  color  around  the  single 
spherical  or  ovoid  nucleus.  The  protoplasm  is  always  homogeneous 
and  deeply  stained;  there  is,  however,  a  good  deal  of  variation  in 
the  tint  in  different  cells.     In  some  it  is  purple,  in  others  violet  or 
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brown.     In  leukaemia  they  are  often  counted  as  myelocytes  or  as 
large  lymphocytes  by  unpractised  observers. 

They  appear  in  various  diseases  associated  with  stimulation  of 
the  bane  marrow ^  ue.,  grave  ansemia  and  all  conditions  associated 
with  leucocytosis  (see  below,  pages  102-103). 

Other  rare  varieties  will  be  mentioned  under  Leukaemia. 


PART  III. 

GENERAL  PATHOLOGY  OP  THE  BLOOD. 


CHAPTER  VI. 

UNEQUAL  DISTRIBUTION  OF    BLOOD— POLYCYTHEMIA— DILU- 
TION   AND  CONCENTRATION    OF  THE  BLOOD. 

1.    Unequal  Distribution, 

How  far  is  the  single  drop  used  for  blooil  examination  tj'pieal 
of  the  whole? 

It  has  been  experimentally  proved  that  specimens  of  the  blood 
of  the  smaller  venous  and  arterial  twigs  do  not  differ  from  each 
other  materially  in  corpuscular  richness.  Capillary  blood  is  slightly 
richer  in  corpuscles  than  that  either  of  veins  or  of  arteries.  But  as 
capillary  blood  is  everywhere  of  the  same  corpuscular  richness,  we 
may  consider  one  capillary  network  or  set  of  venules  as  ty})ical  as 
another,  provided  our  technique  is  good — that  is,  provided  lympli 
is  not  sqifeezed  into  the  drop  by  strong  pressure.  It  is  indifferent, 
therefore,  so  far  as  accuracy  is  concerned,  whether  the  drop  of  blood 
l)e  obtained  from  one  or  another  part  of  the  Ixxly.  All  standard 
estimates  of  the  number  of  corpuscles  per  cubic  millimetre  of  nor- 
mal blood  refer  to  capillary  blood. 

i2.    Local  or  Peripheral  ^olyrijtJurmia, 

So  far  we  are  speaking  of  normal  conditions.  It  is  a  familiar 
fact,  however,  that  the  vessels  of  a  given  part  of  the  body  can  1)6 
overcrowded  with  blood,  f.y.,  by  the  use  of  an  Esmarch  bandage. 
A  drop  taken  from  such  a  ])art  would  certainly  not  be  typical. 
Now  as  the  same  effect  can  be  produced  by  a  variety  of  diseases, 
under  these  conditions  we  must  modify  considerably  any  inferences 
made  from  examination  of  a  single  drop. 

Such  conditions,  entailing  a  false  polycythaemia  or  apparent  in- 
crease in  the  number  of  corpuscles,  are: 
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Any  disease  involving  either  (a)  general  cyanosis  or  (^)  cyanosis 
of  the  paii;  from  which  the  drop  of  blood  is  drawn. 

(fi)  General  cyanosis  results  from  cardiac  insufficiency  (valvu- 
lar or  parietal  disease  of  the  heart  itself,  blocking  "of  the  lung 
circulation  by  emphysema  or  thrombosis),  from  insufficient  aeration 
of  the  blood  (pneumonia,  congenital  malformation  of  the  heart), 
interference  with  the  heart's  action  by  pressure  of  tumors,  effusions 
(pericardial,  pleural,  peritoneal),  or  enlarged  organs  (liver,  spleen), 
or  from  vasomotor  disturbances.  It  is  evident  that  some  of  these 
conditions  {e.g.y  congenital  heart  disease)  may  not  involve  any 
periplieral  stasis  at  all,  and  in  the  absence  of  this  it  is  not  easy  to 
account  for  the  increased  numl)er  of  corpuscles  in  the  drop.  What- 
ever the  explanation  may  be,  there  is  no  doubt  of  the  fact  that  gen- 
eral cyanosis  from  any  cause  whatever  produces  an  increase  of  cells 
in  a  drop  such  as  we  usually  examine.. 

The  cases  of  cyanosis  which  I  have  classed  under  "  cryptogenetic 
polycythaemia ''  (for  want  of  a  better  name),  cases  in  which,  in  the  ab- 
sence of  disease  in  any  organ,  the  skin  and  mucous  membranes  are 
persistently  and  markedly  bluish,  are  not  very  uncommon.  I  have 
seen  three  such,  all  in  stout,  elderly  women.  In  one  the  cells  in  a 
drop  of  blood  from  the  ear,  finger,  or  toe  were  more  than  double  the 
normal  number  (see  page  71.) 

(A)  Loral  Cyanosis. — The  pressure  of  a  tumor,  or  any  other 
liindrance  to  the  circulation  of  any  part,  may  give  a  similar  increase 
in  the  nunil)er  of  corpuscles  in  a  measured  amount  of  blood  from 
that  part.  lu  paralyzed  patients  the  count  may  be  higher  on  the 
paralyzed  side.  In  markedly  cyanotic  patients  the  count  of  red  cells 
may  l>e  notably  above  normal,  and  we  must  make  allowances.  Error 
is  more  likely  to  arise  when  we  have  cyanosis  in  a  person  whose 
blood  is  poor  in  red  corpuscles.  Tlie  combination  of  these  two  fac- 
tors may  give  us  a  normal  blood  count  and  lead  us  to  overlook  the 
anaemia.  Thus  a  person  might  have  really  a  severe  anaemia  and 
yet  the  count  of  red  cells  be  actually  above  the  normal.  This 
element  of  stasis  should  never  be  lost  sight  of.  Many  high  counts 
reported  in  })neumonia  or  hysteria  are  to  be  explained  by  abnor- 
malities not  of  production  or  destruction  but  of  distribution  of  the 
blood  cells. 

With  these  exceptions  the  drop  of  blood  taken  at  the  peripliery 
is  typical.  We  have  next  to  consider  some  f/c7ieraj.  conditions 
under  wliich  a  person's  whole  blood  may  be  inferred   to  be  abnor- 
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mal  from  the  findings  in  a  drop  taken  from  the  periphery.     Consid- 
eration of  special  diseases  will  follow  later. 

Temporary  increase  or  diminution  in  the  amount  of  fluid  within 
the  vessels  cdn  be  brought  about  not  only  by  a  change  in  the  me- 
chanical conditions  of  pressure  and  osmosis,  but  by  any  influence 
affecting  the  tone  of  the  peripheral  vessels.     We  have  then : 

Temporary  Serous  Plethora  or  Dilution  of  the  Blood, 

(a)  From  transfusion  of  fluid  in  large  amounts  or  its  ingestion 
by  mouth  or  rectum. 

(b)  From  decreased  blood  pressure,  as  in  acute  failures  of  com- 
pensation in  cardiac  disease. 

(e)  From  vasomotor  dilatation. 

As  an  example  of  this  last  Grawitz  reduced  the  specific  gravity 
of  the  blood  from  1041  to  1038.7  within  eight  minutes  by  the  inha- 
lation of  nitrite  of  amyl.  This  deci*ease  of  specific  gravity  can  only 
mean  an  increased  amount  of  watery  constituents  in  the  blood,  as 
there  was  no  evidence  of  any  destruction  of  the  heavier  elements  of 
the  blood,  and  only  water  (and  chlorides)  pass  through  the  vessel 
walls  easily.  In  the  above  case  the  specific  gi-avity  was  again  at 
1041  within  a  few  minutes. 

Polycythann  la . 

The  red-faced  persons  popularly  known  as  "  full-blooded  "  show 
no  abnormalities  in  their  blood  discoverable  by  any  means  of  inves- 
tigation known  to  us.  The  condition  is  probably  dependent  on  the 
presence  of  a  rich  capillary  network  near  the  surface  of  the  skin,  or 
on  a  dilatation  of  individual  venules  and  arterioles  at  the  periphery. 
Such  a  person  may  be  markedly  anaemic  without  any  considerable 
changes  in  the  color  of  the  face.  The  fact  that  people  of  such  com- 
plexion often  end  their  lives  with  a  ruptured  cerebral  artery  is  due 
presumably  to  the  circumstance  that  "  high  living  "  produces  in  the 
same  individual  dilated  peripheral  capillaries  and  weakened  arterial 
walls. 

Examples  of  what  seems  more  likely  to  be  a  true  polycythaemia 
are  as  follows : 

(a)  In  cases  of  severe  anaemia  which  recover,  the  blood  regener- 
ation may  attain  such  vigor  that  the  number  of  red  cells  shoots  tern- 
dorarihj  up  nhorr  nornml,  oven  as  high  as  7,700,000. 

(A)  The  same  condition  can  be  temporarily  produced  by  trans- 
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fusion  of  actual  blood  from  one  individual  to  another.     It  lasts  but 
a  few  days  as  a  rule. 

(c)  Some  cases  occur  without  any  known  cause.  In  one  such 
case  which  came  to  autopsy  (death  from  cerebral  hemorrhage)  the 
internal  organs  were  as  deeply  engorged  as  the  periphery  of  the 
body.  Similar  cases — often  associated  with  splenic  enlargement — 
have  been  reported  by  Vaquez,  Osier  (Trans.  Assn.  American  Phy- 
sicians, 1903),  by  McKeen  {Boston  Med.  and  Surg,  Jour.,  June 
20th,  1901),  by  Saundby  and  Russell  {Lancet,  1901,  i.,  p.  515)  and 
by  Hall  {Amer.  Med.,  June  27th,  1903).  The  cases  of  the  follow- 
ing table  are  apparently  of  this  type. 

TA3LE   I.  — CRYPTOGENETIC   POLYCYTHiEMIA. 


Age. 

Sex. 

Red  cells. 

White 
cells. 

Hemoglo- 
bin. 

Remarks. 

29 

•  •  •  • 

8.484,000 

15,000 
17,000 

85 

Febniaiy  5.  Pol]muclear,  84.6;  lympho- 
cytes, 13.8 ;  eosinopblles,  1.6. 

Febnianr  8.  Polynuclear,  90.4;  lympho- 
cytes, 8 ;  eosinophlles,  6 ;  myelocytes,  1. 

56 

«  •  •  - 

<l,240.000 

10.000 

ft5 

Flnt  day. 
Eighth  day. 

4.680,000 

5,600 

70 

53        r. 

11,362,000 

8,300 

105 

December  6. 

9,200.000 

106 

December  7.    After  walking. 

10,060,000 

16.466  aVc. 
11,700  p.c. 

110 

December  11. 

10,230,000 

8.800 

110 

December  17.    Polynuclear,  77.25 ;  lympho- 
cytes, 18.75;   eosinophlles,  2.75;   myelo- 
cytes, 1.25 ;  microblasts,  2 ;  normoblasts, 
2.    Few  mast  cells. 

» 

M. 

8.484,000 

17,800 

Polynuclear,  90 ;   lymphocytes,  8 ;   eosfno- 

phile,  1 :  mast  cell,  1. 

The  polycythaemia  of  the  new-born,  of  high  altitudes,  and  of 
phosphorous  poisoning  will  be  discussed  later. 


Concentratio7i  of  the  Blood. 

It  is  obvious  that  influences  opposite  to  those  producing  tempo- 
rary fuU-bloodedness  will  produce  temporary  lack  of  fluid  within 
the  vessels.  So  acute  diarrhoea,  purgation,  deprivation  of  liquids 
(as  in  starvation),  rapidly  accumulated  serous  effusions,  profuse 
vomiting  or  sweating  (by  skin  and  lungs)  produce  a  temporary  con- 
eentration  of  the  blood  by  draining  out  its  diffusible  elements  (water 
chiefly)  (see  Table  II.).  All  these  influences  are  transitory.  More 
pennanent  drains  on  the  system,  like  chronic  diarrhoea,  diabetes 
insipidus  or  mellitus,  or  long-standing  suppurations,  show  no  evi- 
dence of  lessening  the  vohiine  of  blood  in  the  vessels.     They  drain 
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albumin  out  of  the  serum  and  corpuscles  and  so  decrease  the  weiglit 
of  the  blood  (see  below,  page  78),  but  the  blood  volume  is  not 
changed.  Indeed,  any  influence  has  to  work  very  quickly  in  order 
to  concenti-ate  the  blood,  for  in  an  astonishingly  short  time  the 
other  tissues  repay  the  vessels  their  loss  of  fluid  and  the  normal 
blood  volume  is  restored. 

The  same  temporary  effects  can  be  produced  by  influences 
constricting  the  vessels  (cold,  pain,  suprarenal  extract),  and  a 
concentration  of  the  blood  results  which  lasts  a  few  minutes  or 
hours.* 

In  all  these  interchanges  of  contents  between  the  blood-vessels 
and  the  other  tissues  it  is,  as  above  said,  the  watery  elements  chiefly 
that  change.  The  red  cells  are  not  affected  by  the  give-and-take  of 
the  vessels  and  tissues,  and  although  cold  produces  in  the  periphei-al 
circulation  an  increase  in  the  number  of  white  cells  greater  than 
can  Ihj  accounted  for  by  simple  concentration,  the  weight  of  evidence 
seems  to  be  against  any  new  production  of  cells  and  in  favor  of  a 
change  only  in  distribution,  the  white  cells  accumulating  at  the 
periphery. 

Now  as  the  numl)er  of  cells  is  not  affected  by  these  temporary 
variations  in  the  volume  of  liquid  within  the  vessels,  it  follows  that 
the  nuinl>er  to  Ix?  counted  in  a  cubic  millimetre,  though  typical  of 
the  whole  blood  at  that  time,  is  not  to  be  reckoned  from  in  the 
ordinary  way.  For  example,  after  a  severe  diarrhoea  or  in  phthisis 
after  a  night-sweat  the  blood  may  be  temporarily  so  concentrated 
that  we  find  (),000,000  or  more  red  corpuscles  per  cubic  millimetre. 
Under  normal  conditions  of  the  blood  mass  we  should  infer  from 
such  a  count  that  the  lx)dy  contained  one-sixth  more  red  corpuscles 
than  usual,  llore  obviously  it  means  only  (if  anaemia  is  absent) 
that  the  blood  mass  is  reduced  one-sixth  by  concentration.  It  is 
only  in  such  sudden  reductions  of  blood  volume  that  we  can  meas- 
ure the  amount  lost  by  this  method.  Long-standing  causes  of 
drain  on  the  plasma  might  at  any  time  act  as  destroyers  of  red  cor- 

'  Oliver  lias  shown  receutly  (Lancet,  June  27th,  1896)  that  any  influence 
causing  rise  of  blood  j)ressurc  will  slightly  concentrate  the  blood.  Thus  rais- 
ing the  arm  over  the  head  and  holding;  it  there  by  muscular  effort  slightly 
concentrates  the  bloixl  in  that  arm.  P^lectrical  stimulation  or  massage  of  the 
arm  has  the  Siinie  effect.  Jjnrering  blood  pressure,  as  when  the  arm  is  sup- 
ported pnmnlu  over  the  head,  dilutes  the  blood.  This  confirms  the  result*^  of 
Mitchell  (Med.  News,  May.  1893)  and  of  Ch6ron  (Comptes  Rend,  de  I'Acad. 
d.  Sciences,  1896,  No.  vi.). 
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puscles  as  well,  through  the  changes  in  the  nutritive  fluids  in  which 
they  live. 

Further,  it  is  only  when  we  know  the  number  of  corpuscles  just 
before  the  sudden  drain  on  the  plasma  comes  that  we  can  measure 
the  amount  of  plasma  lost  by  the  amount  of  apparent  increase  in 
the  red  cells.  Stasis  and  any  other  cause  that  heaps  up  corpuscles 
at  the  periphery  must  also  be  excluded  before  we  can  judge  of  the 
loss  of  plasma  in  this  way. 

The  conditions  of  an  abnormal  concentration  of  the  blood  are 
those  already  alluded  to  as  temporarily  sucking  away  its  watery 
constituents,  namely: 

(a)  Watery  diarrhoea,  especially  in  cholera  and  other  acute  dis- 
eases accompanied  b}-  diarrhoea. 

(b)  Large  and  rapidly  accumulating  serous  effusions  (slow  ac- 
cumulations would  give  time  for  the  blood  to  take  up  water  from 
the  tissues  and  make  up  for  its  loss). 

{c)  Profuse  sweats.* 

(d)  Persistent  vomiting  or  starvation  of  liquids  (see  Table  II.) 

(e)  Increased  blood  pressure  (exercise,  massage,  electricity). 
Blood  already  lacking  in  red  cells,  if  suddenly  concentrated  by 

such  a  loss  of  fluid,  might  deceive  us  into  supposing  it  normal, 
because  the  number  of  cells  in  a  cubic  millimetre  might  be  normal. 
In  the  presence,  therefore^  of  any  such  reason  for  concentration  of  the 
bloodj  we  should  always  modify  our  ordinary  methods  of  inference 
from  the  blood  count.  For  example,  v.  Limbeck  records  a  case  of 
hepatic  cirrhosis  with  ascites  in  which  before  tapping  the  ascites 
the  count  of  red  cells  was  3,280,000  per  cubic  millimetre.  Witliin 
twenty- four  hours  after  tapping  there  were  5,160,000  cells  per 
cubic  millimetre,  the  reaccumulation  of  the  ascitic  fluid  going  on  so 
fast  that  the  blood  was  unable  to  adjust  itself  and  became  overcon- 
centrated.  A  careless  observation  might  have  inferred  a  great  gain 
in  the  corpuscular  richness  of  the  whole  blood,  when  in  fact  not  a 
corpuscle  had  been  gained,  and  those  present  had  probably  grown 
poorer  in  albumin. 

»  Mayer  (Zeitscli.  f.  dietct.  u.  phys.  Therap.,  1902,  vol.  vi.,  lift.  7)  finds  that 
hot-air  baths  produce  a  transient  increase  in  the  hcTinogiobiu  and  in  the  leuco- 
cytes. Hot-water  baths  had  no  effect  on  tlie  leucocytes  and  sliglitly  tliniiu- 
ished  the  haemoglobin. 

The  combination  of  hot  baths  and  hot  drinks  produces  in  cliildren,  accord- 
ing to  Hannes  (Centralb.  f.  in.  Med.,  1901,  p.  833),  a  slight  loucocytosis  last- 
ing about  an  hour. 
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Table  II.— Stakvation. 


Case. 

A«e. 

1 

28 

2 

2 

Red  cells. 

White  oeUi. 

HSBIDO- 

gloMn. 

12,000.000 
8,780,000 

10.000 

120  + 

Stowaway.   Ten  days  without  food. 
Two  weeks'  stanraUon  after  caustic 
potash  stricture  of  gullet. 


It  remains  to  speak  of  two  other  conditions  in  which  what  ap- 
pears to  he  a  true  polycythaemia  is  found : 
1.  In  persons  living  at  high  altitudes. 


In  persons  suffering  from  phosphorus  or  CO  poisoning. 


1,   The  Blood  in  High  Altitudes. 

The  polycythsemia  of  those  living  at  high  altitudes  increases  the 
higher  one  goes.     Kdppe  *  gives  the  following  table : 


PlAoe. 

Christiania 

Gdttingen 

Ttlbingen 

Zarich 

Auerbach 

Reiboldsgrfin 

Arosa 

The  Cordilleras.. 


Height  abore 
■ea  level 

RadoeUs. 

O 

4,974.000 

148  metres 

5,225,000 

814       " 

5.322,000 

414       " 

5,752.000 

425       - 

5.748.000 

700       - 

5.900.000 

1,800       " 

7,000,000 

4,892       « 

8,000,000 

Author. 


Laache. 

Schafer. 

Beinert 

Stierlin. 

Kdppe. 

Egger. 
Viault. 


This  oliange  takes  place  within  two  weeks  of  the  time  of  taking 
up  residence  in  a  high  place,  and  independent  of  any  change  in  diet 
or  manner  of  living;  even  within  twenty-four  hours  there  may  be  a 
gain  of  1,000,000  red  cells  per  cubic  millimetre.  Phthisical  pa- 
tients' blood  is  more  affected  than  that  of  healthy  persons.  Ani- 
mals show  similar  changes.  The  haemoglobin  is  also  inconsiderably 
increased,  although  it  lags  somewhat  behind  the  corpuscles.  Solly 
(Phil.  Mf'd,  Jour.,  1900,  vol.  i.,  p.  1074)  reports  that  the  increase 
so  marked  in  newcomers  partially  disappears  after  two  or  three 
years'  residence,  while  the  blood  of  natives  of  the  same  high  alti- 
tude is  midway  between  normal  and  that  of  persons  who  have  lived 
there  but  a  few  veavs. 

The  corpuscles  are  often  deformed  and  undersized  during  the 


'Mnncli.  mod.  Woth..  1890.  No.  41. 
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earlier  weeks  of  the  change;  but  their  volume,  as  determined  by 
the  haematocrit,  is  not  increased,  and  nucleated  forms  are  not  found. 

Later  the  poikilocytes  and  microcytes  vanish  and  the  haemoglo- 
bin percentage  rises  so  as  to  correspond  with  the  increased  count  of 
red  cells. 

On  returning  to  low  land,  the  blood  returns  within  a  short  time 
to  its  normal  condition. 

Many  explanations  have  been  offered  for  this  interesting  phenom- 
enon, the  most  reasonable,  I  think,  being  that  which  considers  it  a 
vasomotor  phenomenon,  due  to  lowered  barometric  pressure. 

2,  Phosphorus  and  CO  Poisoning, 

The  polycythsemia  of  acute  phosphorus  poisoning  may  reach  as 
high  as  8,650,000.  This  may  be  partly  explained  by  concentra- 
tion due  to  the  occurrence  of  vomiting;  but  in  some  cases  the  in- 
crease seems  out  of  proportion  to  the  amount  of  vomiting. 

With  illuminating-gas  poisoning  there  is  usually  no  vomiting  to 
speak  of,  and  the  cause  of  the  marked  increase  in  the  red  cells  is  un- 
known. Von  Limbeck  in  two  cases  of  CO  poisoning  showed  respec- 
tively 6,630,000  and  5,700,000  red  cells.  Mtinzer  and  Palma  ^ 
record  5,700,000.     The  white  cells  are  also  increased  (see  page  413), 

*  Zeit.  f.  Heilk.,  vol.  xv.,  p.  1. 


CHAPTER   VII. 

ANJGMIA  AND  HYDREMIA. 
1.   Ax.«MiA. 

Definition, — A  deficiency  in  corpuscle  substance^  i.^.,  a  deficiency 
in  red  corpuscles,  in  haemoglobin,  or  in  both,*  with  or  without 
changes  in  the  total  volume  of  the  blood. 

It  is  important  to  l>ear  in  mind  that  the  color  of  the  skin  is  not 
a  safe  guide  in  judging  whether  a  person  is  anaemic. 

The  most  strikins^  example  of  the  fallacy  of  judging  of  ansemia 
by  the  color  of  the  skin  and  mucous  membranes  is  in  the  so-called 
^^ tropical  anwmia.^^  Practically  all  persons  belonging  to  white 
races  who  take  up  their  residence  in  the  tropics  acquire  after  a 
time  an  extreme  pallor  of  the  skin  and  mucous  membranes,  and 
this  appearance  has  usually  received  the  title  of  "tropical  anaemia." 
It  turns  out,  however,  from  the  careful  studies  of  several  different 
investigators,  that  the  blood  of  such  persons  shows  absolutely  no 
anaemia  or  other  variation  from  the  normal.* 

We  are  to  judge  of  anaemia,  then,  solely  b}'^  the  blood  exami- 
nation. 

J)tstnictlon  hvfireen  Vrlmnrij  dfiff  Serondnry  Ancemia. 

In  one  sense  all  aniemia  is  secondary.  It  is  due  to  some  oause, 
a  symptom  in  a  chain  of  events.  But  in  some  cases  we  know  tlie 
cause  and  in  some  we  do  not. 

{a)  Priwary  ntuvmin  is  that  in  ir/iirh  the  causal  factors  are 
either  oitirely  iinkuoini  or  are  apparently  insnffijcient  to  produce  so 
serere  a  disease  This  division,  like  most  of  our  statements  about 
the  blood,  is  a  rough-and-ready  one,  held  i)rovisionally  until  a  l)et- 

'  This  is  a  clinical  definition  and  makes  no  attempt  to  go  to  the  root  of  the 
matter.  I  have  litth;  doubt  that  cliemical  or  other  changes  in  the  senim  are 
the  cause  of  the  e()ri>uscular  elianges,  which  only  mirror  the  deeper  disease. 
But  tiiese  cliemical  changes  are  as  yet  so  little  understood  that  we  have  to 
judge  of  their  presence  chietly  by  tiieir  effect  on  the  corpuscles. 

'  So  far  as  present  methods  of  examination  go. 
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ter  classification  is  discovered.  It  has  a  certain  utility  if  not  used 
with  any  less  simple  meaning  than  that  given  above. 

There  is  no  good  evidence  that  there  are  any  primary  diseases 
of  the  blood-making  functions.  A  case  of  secondary  anaemia  is  one 
in  which  we  have  an  obvious  cause  such  as  hemorrhage  or  malaria 
for  the  loss  of  corpuscle  substance.  Remove  the  cause  and  the 
anaMuia  ceases.  Sometimes,  however,  after  removal  of  the  cause, 
e.fj.,  after  cure  of  a  case  of  syphilis,  the  anaemia  set  agoing  by  the 
syphilis  persists.  On  the  other  hand,  there  are  few  patients  with 
"  primary  "anaemia  who  cannot  recall  some  event  in  their  past  lives 
sufficient  to  account  for  a  certain  grade  of  ancemia  {e.ff.y  a  nervous 
shock,  a  hemorrhage,  an  attack  of  tertian  malaria).  Yet  if  the 
anaemia  that  occurs  after  so  slight  a  cause  is  of  the  pernicious  or 
fatal  type,  we  may  fairly  call  it  ^^ primary, ^^  By  this  we  mean 
that  though  the  "cause  "  assigned  might  produce  so/?ie  anaemia,  it 
was  not  sufficient  to  produce  this  fatal  anaemia  and  has  presumably 
little  or  no  connection  with  it.  "Primary  "  means  not  the  absence 
of  tin  if  cause  of  anaemia  in  the  history,  but  the  absence  of  any  suffi- 
citut  cause  so  far  as  is  known. 

An  attack  of  tertian  malaria  or  a  history  of  bleeding  piles  does 
not  cause  fatal  anaemia  in  999  out  of  1,000  people  who  have  such  a 
history.  In  the  1,000th  it  is  a  case  oi  post  hoc  and  wot  propter  hoc. 
Given  the  unknown  cause  that  does  lead  to  "primary  "  anaemia,  and 
it  might  be  that  a  pregnancy,  a  nervous  shock,  or  the  piesence  of 
intestinal  parasites  would  act  as  the  straw  that  breaks  the  camePs 
back;  but  the  important  causal  factor  is  the  unknown  factor.  Evi- 
dence is  accumulating  in  support  of  Hunter's  view  that  pernicious 
anaemia  is  due  to  excessive  blood  destruction  produced  by  toxic  sub- 
stances absorbed  from  the  gastro-intestinal  tract.  Chlorosis  is  now 
generally  believed  to  be  a  disease  representing  defective  blood 
formation.     But  we  are  still  in  the  realm  of  theory  in  these  matters. 

It  is  tine  that  in  the  majority  of  eases  we  can  tell  from  the 
blood  examination  alone  whether  a  case  is  without  known  cause 
(=  "primary")  or  symptomatic  (=  "secondary").  But  there 
appear  to  be  enough  exceptions  to  this  rule  to  make  us  cautious 
about  stating  it  as  a  law. 


An\£MIA 


f  p-:^«,-,_  j  Chlorosis.  (  To  be  discussed  under  Special 

I  *^"™®'^y-"}  Pernicious  annpmia.-^      Pathologv    of    the   Blood, 
1  (      Chapter  VII. 

\  Secondary. 
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Se4:o7idary  Aticemia, 

I.  First  Stage. — I  defined  anaemia  above  as  a  diminution  in 
corpuscle  substance.  In  the  milder  types  of  this  condition  the  num- 
ber of  red  corpuscles  is  not  diminished  at  all,  but  the  individual 
cell  is  small,  pale,  and  of  light  weight,  through  loss  of  nitrogenous 
matter.     This  is  appreciated : 

(a)  As  a  lack  of  coloring  matter. 

(b)  As  a  lowering  of  the  specific  gravity. 

In  the  mildest  grades  of  secondary  anaemia  there  are  no  farther 
changes. 

The  lack  of  coloring  matter  is  usually  not  present  in  every  cell, 
as  is  seen  in  the  stained  specimens.  Some  are  very  pale  at  the 
centre,  while  others  are  well  stained. 

II.  Second  Stage. — Usually  the  next  changes  to  appear  are,  like 
those  already  mentioned,  qualitative,  the  number  of  red  cells  still 
remaining  normal  or  approximately  so. 

The  individual  cell  as  seen  in  fresh  preparations  is  more  or  less 
deformed  and  varies  from  its  normal  diameter,  dwarfed  forms  usu- 
ally being  commoner  than  the  giant  forms.  These  variations  in 
size  and  shape  are  sometimes  termed  *^ poikiloei/tosisy''  and  the 
dwarf  and  giant  forms  are  called  respectively  microcytes  and 
macrocytes. 

Maragliano  *  has  included  the  above  changes,  together  with  othera 
about  to  be  described,  under  the  lieading  of 

Necrobiosis;  in  the  red  corpuscles,  attributing  them  to  a  patholog- 
ical condition  of  the  serum. 

The  changes  united  under  this  heading  may  be  divided  for  con- 
venience' sake  into 

(a)  Endoglobular  changes. 

(b)  Poikilocytosis  and  crenation. 

(c)  Changes  in  staining  properties. 

(d)  Changes  involving  motility  in  the  corpuscle  as  a  whole,  or 
in  parts  of  it. 

{e)  Decrease  in  the  average  diameter  of  corpuscles  with  loss  of 
the  power  to  form  rouleaux. 

All  these  changes  may  be  watched  in  normal  blood  outside  the 
vessels,  as  necrosis  gradually  comes  on  from  contact  with  the  air. 

'  XI.  Cong.  f.  Inn.  Med.,  Leipzig.  18W. 


Dnder  pathological  conditions  the  same  changes  may  occki-  nutsitle 
***#  hcdy,  but  more  quickly  than  usual  ^aa  other  diseased  tissues 
decompose  more  quickly  after  death  than  those  of  a  sound  man  sud- 
denly killed),  or  inside  Ike  body. 

(a)  Endoglobttlar   Cluitiyes  (see  Fig.  24,  a). — These  consist  in 

the  api»earance  of  clear  hyaline  spaces  of  various  shajiea  within  the 

corposcle,  round  triangular,  rod-shaped,  cM.     In  the  fresh  speci- 

I  toeii  they  change  their  shape  rapidly  and  continually;  in  dried  and 

led  specimens  they  ap- 
■  prar  as  sharply  outlined 
f- light  spaces  iu  the  corpus- 
In  normal  blood  these 
changes  occur  after  thirty  to 
seventy  minutes  outside  the 
vessels.  In  some  pathologi* 
eal  conditions  specimens 
show  them  ihe  instant  the  ' 
blood  is  collected,  and  pre- 
suinaiily  they  were  present 
before  it  left  the  vessels. 

(h)  Crenation  and  Piiik'i- 
l«yto$ia  (Fig.  24,  J).— What 
■m  know  as  crenation  in  the 
corpuscles   is   probably  the 

SHine  sort  of  process  which,  occurring  within  the  vessels,  we  call 
poikilocytosis.  A  lump  rises  at  one  or  more  points  in  the  corpuscle, 
becomes  more  pointed,  and  gradually  the  whole  cell  acqiiires  amoe- 
hnd  motions,  assuming  in  successiou  the  various  shapes  with  which 
we  are  familiar  in  poikilocytcs.  Kaycni  has  minutely  described 
lour  types  of  motion  in  the  red  cells  of  aii^etnic  blood. 

1.  General  amceboid  motion  of  the  whole  cell. 

2.  Vermicular  motion  of  ilagetla-llke  prolongations. 

3.  Oscillating  motions,  especially  in  small  light  cells. 

4.  Pseudo-parasitic  motion, 

{e)  The  pointed  projections  may  break  off  and  move  about  ac- 
tively ill  tJie  plasma.  These  motions,  as  well  as  the  preceding 
amreboid  movement  of  the  whole  corpuscle,  are  to  be  explained  as 
irregular  contractions  of  the  necrobiotic  protoplasm,  similar  in  a 
general  way  fo  the  actions  of  a  hen  after  its  head  is  cut  off.  These 
luotione  are  not  to  be  confounded  with  the  finer  Brownian  or  "  mo- 
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leculnv"  movement  to  be  seen  in  any  healthy  cell.  Tlie  siiiiill  Itits 
broken  off  (Fig.  24,  c)  aiv  doubtless  the  ilwart  cells  seen  in  ilrieil 
and  stained  prejarulaons.  Curionsly  enougli,  tliese  fragments  tend 
again  to  assume  the  biconcavily  characteristic  of  normal  cells,  as  a 
drop  of  fat  bieafes  into  smaller  but  similar  drops, 

(el)   Oral  S/uiyr. — In  a  great  many  cases  of  peniicions  auiemia, 
and  some  other  forms  of  anaemia  there  is  a  marked  tendency  tv 


no.tt.--EkmimU-il..r. 

oval  shajjes  in  corpuscles  not  otherwise  considerably  deformed. 
Even  ill  normal  blood  I  think  there  are  a  small  iiumlier  of  'oval 
forma,  and  in  amemin  this  number  may  be  greatly  increased  till^ 
as  in  Fig.  25,  we  get  all  the  cells  elongated.  The  same  appearance 
can  be  protluced,  by  roughness  in  spreadiug  the  blood,  but  in  suck 
case  the  deformed  corpnscles  all  jwint  one  way. 

(c)  Changrs  hi  Stalni'nif  Prnpertiea. — Normnl  red  Gorpuscles 
have  affinity  chiefly  for  acid  stains,  Influences  like  those  which' 
lead  to  the  alterations,  in  shape  and  size  above  described  may  alter 
the  staining  properties  of  the  cell  as  well,  so  that  it  takes  up  two, 
or  three  colors  (according  to  the  number  present  in  the  stain), 
either  diffusely  or  irregularly,  some  parts  of  the  cell  taking  color 
diifei-entlv  from  others.     In  lead  poisoning,  for  example,  minute 


PLATE  A, 

Fig.  1. — w,  m,  etc.,  Mogiiloblaats.  8*»iiie  with  polycbromatophilic  pnit 
plasm,  some  with  degenerating  nuclei  (karvolysis). 
mi,  mi,  Microblasts. 
n,  Norin<»bla8t. 
/,  **  Free  "  nucleus. 

b.  Blue  cell  {i.e.,  basophilic  erythrocyte)  with  nuclear  remnant, 
r,  Rin;?  body  in  red-stippled  erythrocyte. 
«,  Blue  stippled  erythn>cyt('. 
Fig.  2. — m,  ;»,  etc.,  Myelocytes. 
p,  p,  etc.,  Polynuclears. 
/,  (,  Transitional  neutrophiles. 
/,  Lymphocyte. 
n,  n.  Normoblasts. 
me.  Eosinophilic  myelocyte. 
h.  Mast  cell. 
e,  Eosinr.phile. 
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bits  at  the  red  cells  liecome  ijasojihilu',  ao  that  the  cell  presents, 

appropriate    staining,  a  siippieil   ]<»!(.     The  same  change 

ra  in  jwmicious  aiiiemia  and  (n'caaioually  iu  other  varieties  of 

wniia.     Thia  has  Iweu  termed  a  "/Jo/yfArom«<ti/*/i//{r"  or  degftn- 

■  cliange.     Some  oliservers  hare  supposed  it  to  be  rather  of 

3  nature  of  rei/eHerathn,  believing  that  the  cells  take  color  in  this 

Lhodux  way  because  Uii?y  are  half-developed' 

(/)  111  many  aecoiidary  antemias,  especially  in  those  associated 

iuflamniatious,  tlie  average  diameter  of  the  cells  is  lessened, 

md  tlie  rouleaux  are  not  formed." 

(•j)  Cells  may  lose  their  htemoglobiu  altogetber,   leaving  only 
B  shell  of  the  corpuscle  behind  (see  Fig.  24,  d). 

All  these  uei-rnbiotit:  clianBL*9  are  characteristic  of  the  severer 
ailes  of  secondary  nnEpniin,  such  as  occur  in  cancerous  cachexia, 
ihthisis,  nephritis,  eic. 

III.    Third  Staijr. — Here  the  uumfer  as  well  as  tlie  quality  ot 
!  red  cells  begins  to  suffer.     So  far  I  have  mentioned  only  the 
F  qoalitutive  changes  iu  secondary  aneemta  and  have  purposely  made 
\  these    changes  more  pi'omiuent  than  the  actual  diminution  in  the 
ot  of  red  cells,  because  it  is  only  conipai-atively  rarely  and  in 
{  marked  cases   that  the  diminution  in  corpuscles  is  consider- 
ibk-.     The  blood  characteristic  of  most  cases  of  secondary  ansemia 
t  iu  which  the  number  of  red  cells  is  approximately  normal. 
The  important  exceptions  to  this  i-ule  are:  1.  The  ansemias  of 
ifaiioy  and  early  qJuldlHXKi,     2.  Large  lieinorrhages   (soon  after 
r  iXKurrence),     3.  Malaria.     4.   Acute  septiciemia. 
The  direct  and  rapid  destniction  of  the  coi-puscles  by  the  nia- 
hrial  itrgauism  or  hemorrhage  account  for  this.     Of  sepsis  and  the 
Fnnfemias  of  infancy  T  shall  speak  later. 

Fourtk  St'iiji'., — Tlic  blood  of  secondary  anffiini a  shows  often 
\  evidence  not  only  of  degeneration  and  destruction  of  the  cells  but 
I  -t\s*i  of  regenerative  changes.  I  have  already  described  two  regen- 
I  emtive  changes — basophilic  stippling  and  diffuse  polycliromasia;  a 
[  Ihinl  is  the  presence  uf 


'  A  liraletl  controversy  Iui9  spruu];  up  regaritiug  this  point  and  a  consiiler- 
Ale  maw  uf  lilcrature  relnling  ii)  ii  lias  accumulated.    Without  trying  to 

trnt  and  criticise  Uie  i-vidcncc  1  slitill  content  m.yaelf  nitli  stating  tliat  all 
p  durgu  In  staioiag  resclfon.  Just  liescrilicd,  seem  to  me  best  explained  us 
nMviice  of  rrgenrratiim. 

'  But  in  tlic  scvcrvst  forms  of  knicmlu  tlie  diameters  are  apt  lo  be  inrreased. 
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Nucleated  Red  Cells, 

These  are  usually  divided  into  three  groups 

(a)  Nonnablasts. 

(b)  Megaloblasts. 

(c)  Microblasts. 

Normoblasts. 

(a)  The  first  are  normally  present  in  moderate  number  in  the 
bone  marrow  of  healthy  persons,  and  in  great  numbers  in  the  mar- 
row after  hemorrhage.  They  are  generally  considered  to  be  a 
younger  stage  in  the  life  of  the  corpuscle  than  the  non-nucleated 
forms  seen  in  the  circulating  blood.  Hence  the  appearance  in  the 
peripheral  circulation  of  this  form  of  nucleated  cell  is  considered  to 
mean  that,  in  the  comparatively  plentiful  reproduction  of  red  cells 
called  forth  in  the  marrow  by  the  anaemia,  a  certain  number  of  red 
cells  leave  the  nursery  (the  marrow)  before  they  are  grown  up  and 
circulate  for  a  time  in  their  immature  state.  A  normoblast,  then, 
represents  an  immature  red  corpuscle  (see  Plate  IV.  and  Plate  A.) 

In  size  and  color  it  is  like  an  oi-dinary  red  cell  except  that  we 
find,  usually  somewhat  to  one  side  of  it,  a  round  nucleus  about  one- 
half  the  diameter  of  the  whole  cell.  With  Ehrlich's  or  Wright's 
stain  this  nucleus  stains  very  deep  blue,  nearly  black,  and  is  sharply 
outlined  against  the  pale  yellow  of  the  cell  body  around  it. 

The  cell  often  looks  as  if  it  were  pushing  its  nucleus  out,  i.e., 
in  many  instances  we  see  the  nucleus  projecting  over  the  edge  of 
the  corpuscle,  or  half  out  of  it,  and  occasionally  we  find  it  lying 
beside  the  corpuscle  from  which  it  has  just  emerged;  but  this  ap- 
pearance is  probably  an  artifact  and  not,  as  Ehrlich  thought,  the 
regular  way  of  disposing  of  the  normoblast  nucleus. 

Very  frequently  the  nucleus  has  towards  the  centre  a  light  spot, 
sometimes  so  brilliant  that  it  looks  like  the  reflection  of  light  from 
the  surface  of  a  drop  of  ink  or  any  dark  liquid,  what  artists  call  the 
"high  light."  Occasionally  there  are  several  of  these  light  spots 
in  a  nucleus,  or  it  may  be  all  light  blue-gray  except  a  dark  blue 
rim.  This  is  the  commonest  type  of  normoblast.  But  now  and 
then  we  meet  with  one  when  the  nucleus  is  more  or  less  separated 
into  two  or  move  pieces.  These  pieces  are  usually  connected  by 
pale-staining  "bridges,"  perhai)s  radiating  from  a  centre  so  that 


PLATE  IV. 

(1)  m,ni,m,m — Young  niegaloblaiftii. 

(2)  D,D,D,D\  the  {//>;>£r  ^ire^ai^  probably  <>M9u>r;7U)6MM(f  with  degent'rating 
auclei,  and  the  lower  two  old  megaloblasts  with  nuclei  in  a  similar  condition. 

(3)  0,0,0,0,  etc. — The  two  cells  in  the  lower  right-hand  comer  are  i)ix)bably 
cid  megalobkuts  whose  nuclei  are  nearly  absorbed.  The  three  cells  inunediatel y 
to  the  left  of  these  are  probably  young  nonnobUisU — the  lowest  one  bt*ing  the 
youngest.  The  other  four  cells  marked  *^o,o,o,o^  (those  to  the  extreme  left) 
are  prohMy  middU-aged  m^galoblast^t.  The  two  labelled  "Normoblasts"  are 
really  fdd  not'm<M4mts.  The  appearance  of  extrusion  of  the  nucleus  on  on<'  of 
them  is  probably  an  artifact.  The  large  cell  on  the  extreme  upper  ri^lit-Iiand 
corner  is  probably  a  megaloblast  with  a  "  pyknotic  "  or  oedematous  (dcireiirr- 
ating)  nucleus. 

(4)  In  the  young  or  "typical "  megaloblasts  {tn,iii,m,tu)  note  the  whit4»  lint* 
around  the  nucleus,  the  variations  in  its  tint,  and,  in  two  of  them,  the  discol 
orations  of  the  protoplasm  (polychromatophilia),  especially  near  the  nuclfus. 
The  lower  of  the  two  cells  in  karyokinesis  shows  the  l)est. 

(5)  In  the  iniciiMtmt  note  the  ragged  edge  of  the  protoplasm. 

(6)  In  the  lower  portion  of  the  plate  {^celU  deformed  in  ^ze  or  s?uiiH!")  an 
actual  field  from  a  case  of  p<»niicious  aniemia  was  copie<l.  Marror^teM  (or  larL'** 
cells),  microcytes  (or  small  cells),  and  misshapen  cells  or  jioikilorytm  are  shown. 

(7)  The  *^ jyolychromatophilic  cells"  in  the  lower  right-hand  conu-r  wen* 
stained  with  the  same  mixture  as  those  to  the  left  of  them,  but  have  takvu  up 
other  colors  besides  theomnge  G,  which  alone  is  taken  up  by  normal  red  r<lis. 
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NamU  rtd  cell* 


VariatJM  af  NuoImM  Red  Cellt. 

a.  a.  =  Typlul  au^obliMs.     II.  D.  D.  D.  ~  Otis  wlih  divldiuc  BBolal- 
9  0    o.  o.  n.  0.  "  Other  («nn»s«d|  vxrtftira  of  DUoliaMd  led  ootptuslM. 
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Poly  eta  rnmaUiii  bill  ■  uUa 


Cell*  defOnnnl  In  aUe  or  9bip«. 
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the  nucleus  is  "rosette-shaped,"  or  it  may  take  any  one  of  a  large 
number  of  different  shapes.  The  parts  of  the  nucleus  which  are 
nearest  the  periphery  of  the  cell  usually  stain  more  deeply  than  the 
"  bridges  "  which  join  them. 

Sometimes  the  nucleus  breaks  apart  completely,  and  we  find 
two  or  more  separate  unconnected  nuclei  within  the  single  cell.* 
Or  oue  of  the  pieces  may  be  outside  the  cell  and  the  others  inside. 

Rarest  of  all  is  the  appearance  of  true  mitosis  in  the  nucleus  of 
a  normoblast. 

Megaloblasts. 

(h)  The  typical  megaloblast,  as  usually  described,  is  so  unlike 
the  normoblast  that  we  should  not  naturally  think  of  them  as  near 
relations. 

It  does  not  occur  anywhere  in  the  healthy  adult  body,  not  even 
in  the  bone  marrow.  In  the  early  foetal  marrow  and  in  the  mar- 
row and  circulating  blood  of  grave  forms  of  anaemia  it  is  to  be 
found,  usually  in  company  with  a  certain  number  of  normoblasts. 

The  typical  megaloblast  is  an  abnormally  large  cell  (11  to  20  /i 
in  diameter),  frequently  showing  abnormal  staining  (polychromato- 
philia)  in  its  protoplasm,  which  is,  therefore,  brownish  or  purplish 
with  the  Ehrlich's  stain,  gray  or  yellowish  with  Wright's.  Its 
nucleus  is  very  large,  filling  most  of  the  cell,  and  contrasts  with 
the  normoblast  nucleus  not  only  by  its  greater  size,  but  by  the 
pale,  even  stain  which  it  takes  up.  The  commonest  color  of  the 
nucleus  with  the  Ehrlich-Biondi  stain  is  pale  green  or  robin 's-egg 
color;  with  Wright's  stain  some  shade  of  blue  (see  Plates  IV. 
B,  E,  and  F). 

Cracks  and  "flaws "  are  sometimes  to  be  seen  in  the  protoplasm, 
giving  evidence,  as  its  purplish  stain  does,  of  the  necrobiotic  changes 
described  by  ^Faragliano. 

The  outline  of  the  whole  may  be  quite  circular:  oftener  it  is 
oval  or  somewhat  irregular,  but  rarely  much  deformed. 

Microhlasts 

(r)  Microblasts,  which  are  rarer  than  either  of  the  varieties  just 
descril)ed,  consist  of  a  nucleus  like  that  of  a  normoblast  or  smaller, 
and  contained  in  a  cell  lx)dy  swaller  than  the  normal  red  corpuscle. 

*A  pparently  tlie  nucleus  is  absorbed  or  degenerates  (see  Israel  and  Pap 
jvenheim.  Vircliow's  Arcliiv,  vol.  cxliii.). 
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lu  the  writer's  experience  the  cell  body  is  usually  reduced  to  a  few 
shreds  of  discolored  protoplasm  chaugiug  about  the  nucleus  (see 
Plate  IV.).  Their  cliuical  signiiicauce  is  generally  supposed  to  be 
that  of  luegaloblasts. 

''Atypical  Fomis.^' 

We.  may  tin(\  in  a  given  specimen  of  blood  only  typical  normo- 
blasts, mieroblasts,  or  megaloblasts,  and  accordingly  can  easily 
reckon  up  the  number  of  each  kind  and  see  which  type  of  blood 
formation  predominates.  But  sometimes  there  are  cells  present 
about  the  classification  of  which  we  cannot  come  to  a  decision,  and 
I  have  occasionally  seen  a  specimen  of  blood  containing  a  large 
number  of  nucleated  red  cells  no  one  of  which  could  strictly  be 
classed  either  as  a  ** normoblast,"  a  " megaloblast,"  or  a  "micro- 
blast,''  as  these  are  defined  above.  The  researches  of  Pappenheim 
have  thrown  much  light  on  this  difficulty.  \Vhile  insisting  with 
Ehrlich  that  the  megaloblast  and  the  normoblast  represent  respec- 
tively the  early  fojtal  and  the  post-uterine  types  of  blood  formation, 
and  that  there  are  no  real  "  transitions  "  from  tlie  one  to  the  other, 
he  yet  recognizes  that  the  two  varieties  are  not  absolutely  to  be 
differentiiited  by  any  of  the  ordinarily  accepted  criteria  such  as 
size,  color  of  nucleus,  etc.  3fost  "megaloblasts,"  he  admit.s,  are 
larger  than  most  normoblasts,  but  there  are  occasional  giant  normo- 
blasts and  dwarf  megaloblasts  which  by  size  alone  are  indistinguish- 
able. The  large,  pale,  delicately  netted  nucleus  of  the  "megalo- 
blasts '*  is  simply  a  young  imcleus.  All  young  nuclei  are  relatively 
large  and  pale,  while  the  small  dark  nucleus  of  the  normoblast  is 
simply  an  oh!  or  degenerating  nucleus.  The  real  criteria  of  the 
two  varieties,  according  to  Pappenheim,  is  not  the  size  or  color  of 
nucleus  nor  of  the  whole  cell,  but  the  structure  of  the  nuclear  net- 
work. This  is  a  point  difficult  to  make  out  by  ordinary  staining 
methods  and  not  easily  appreciated.  Luckily  for  us,  most "  megalo- 
blasts" are  larger  than  most  "normoblasts";  and  further,  most  of 
them,  as  seen  in  the  blood,  are  youtif/  (i.e,,  have  large  pale  nuclei 
with  delicate  cliroiuatin  network),  while  most  "normoblasts"  are 
ohiy  as  shown  by  tlieir  small,  dark,  coarse-skeined  nucleus,  so  that 
in  the  majority  of  eases  P^hrlich's  criteria  for  the  two  varieties  are 
sufficiently  correct  for  diagnostic  purposes.  Pappenheim  of  course 
wishes  to  abandon  the  terms  "megaloblast"  and  "normoblast" 
altogether,  but  since  size  still  remains  the  most  easily  recognized 
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oritei'ioi)  of  '"  megatohlasta  "  and  "  noniioblasts  "  I  sluill  font.iuui-  to 
I  use  the  terms.  On  the  chances,  then,  any  nitcletitM  rei!  retl  ofer 
It  diamrtrriihoittd  !•••  clasi«d  an  nmeffaloblast  wkatKcer  the  ajipear- 
«  11/  ilx  nucf^UK,  and  tnii/  nueleatftl  red  cell  under  JO  ;•  diameter  it 
I  j»ro6nWy  n  Tiormo/iiimt  whatever  the  appearance  of  its  nucleus. 
f  Jfficroblaji/«  simply  represent  degenerating  forms  (usually  iiormo- 
r  blasts)  whose  protoplasm  is  falling  away.  [These  points  will  be 
I  made  clearer  by  reference  t«  Plat«  IV.  and  the  remarks  intended  to 
f  explain  it.] 

In  most  cases  of  severe  secondary  anaemia  we  find  a  few  normo- 
\  blasts.     In  very  severe  forms,  whatever  the  cause,  we  may  or  may 
I  not  tind  an  occasional  niegaloblast.     But  these  are  usually  raier 
'  than  the  normoblasts,   even   in  the  severest,  types  of   secondary 
anemia.     The  commonest  exceptions  to  this  rule  are  the  anaemias 
due  to  huemolysis,  or  to  intestinal  parasites,  in  which,  though  sec- 
ondary and  curable,  the  megaloblasts  iu  some  cases  predominate 
over  the  normoblasts. 

Summing  up  the  changes  characteristic  of  secondary  auseraia, 
j  which  includes  almost  all  the   important  pathological  appearances 
occurring  in  red  cells,  we  have:  . 

i  (11)  Lack  of  hsemoglobin.      1 
I.  J  (ft)  Lowered    8  p  e  c  i  fi  c '- Characteristic   nf  mild   cases. 

I  gravity.  \ 

IT.  The    above    and    necrobiotic  (  Characteristic    of    moderate 
changes  of  Maragliano.  (  cases, 

f  (a)  Lack  of  red  cells.  "l 

Xii       1  W  Presence     of     11  o r m o ■  [ Characteristic  of  severe 
'     1  blasts  and   the   above  |  ciises. 

I  (I.  and  II.).  J 

IV.  Megaloblasts  and  the  above  1       Characteristic   of   very   se- 
(I.,  II.,  and  III.),  J  vere  cases. 

The  changes  in  the  white  cells  will  be  di.scu.sscd  in  the  next 
chapter. 

Among  the  commonest  canses  of  secondary  anemia  are:  I.  In- 
fective and  febrile  diseases,  acute  or  chronic.  II.  Malignant  dis- 
ease. III.  Chronic  suppurations,  nephritis,  chronic  dysentery, 
cirrhosis  of  the  liver.  IV.  Bad  hygiene,  pi-egnancy,  and  lactation. 
V.  Intestinal  parasites.     VI.   Poisons  (lead,  arsenic,  etc.). 

To  discuss  the  way  in  which  each  of  these  influences  acts  in 
pmdnoinganeemia  is  tempting,  hut  falls  outside  the  plan  of  this  book. 


Tlie  following  are  goud  e 
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solids  (corpuscle  substance)  must  be  made  up  by  water  taken  in 
from  the  tissues.  Hence  any  anaemic  person's  blood  is  thin,  watery, 
or  hydraemic.  Women's  blood  is  somewhat  more  hydraemic  than 
men's,  because  less  rich  in  cells.  Ordinary  chlorosis  and  second- 
ary anaemia  show  no  more  water  than  normal  in  the  serum,  but  the 
cells  are  probably  somewhat  waterlogged. 

(b)  In  many  conditions  of  dropsy,  whether  from  heart  or  kid- 
ney, we  may  have  more  water  than  normal,  both  in  the  plasma  and 
in  the  corpuscles  themselves,  which  are  capable  of  taking  up  con- 
siderably more  than  their  normal  amount  of  water. 

(c)  Any  temporary  dilution  of  the  blood  under  the  conditions 
mentioned  alwve  (ingestion  of  liquid,  lowered  blood  pressure,  etc.), 
is  from  one  point  of  view  a  hydraemic  condition. 

No  special  clinical  significance  attaches  to  it  other  than  that  of 
anaemia,  whose  correlative  it  is. 

(d)  The  investigations  of  Haldane  and  Smith  seem  to  show  that 
the  total  volume  of  plasma  is  greatly  increased  in  certain  types  of 
anaemia,  although  its  specific  gravity  remains  normal.  This  is  one 
type  of  hydraemia  (see  page  6). 


CHAPTER  VIII. 

LEUCOCYTOSIS— LYMPHOCYTOSIS— EOSmOPHILIA— 

MYELOCYTES. 

Much  confusion  has  been  caused  in  the  past  by  the  failure  to 
see  in  leuksemic  blood  anything  more  than  an  extreme  and  perma- 
nent form  of  leiicocytosis,  while  leucocytosis  was  thought  of  as  a 
mild  and  temporary  leukaemia. 

We  know  now  that  they  are  quite  different  phenomena,  differing 
not  in  the  number,  but  in  the  kind  of  cells  present  in  the  increased 
numbers. 

Definition, 

There  are  many  difficulties  in  defining  leucocytosis.  To  my 
mind  the  term  is  best  used  to  mean :  An  increase  in  the  number  of 
leucocytes  in  the  ^peripheral  blood  over  the  number  normal  in  the  indi- 
vidual case,  this  increase  never  involviny  u  diminution  in  the  jiohf- 
morphonudear  varieties^  but  generally  a  marked  absolute  and  relative 
gain  over  the  number  j^reviously  present, 

(a)  I  say  "in  the  peripheral  blood "  because  most  observers  now 
hold  that  leucocytosis  is  not  always  a  real  increase  in  the  total  num- 
ber of  leucocytes  in  the  body,  but  is  often  the  result  of  cheniotaxis 
or  thermotaxis,  the  cells  being  drawn  or  attracted  to  the  periphery 
and  out  of  the  internal  organs.  At  any  rate,  in  the  blood  drop 
which  we  draw  (whether  also  in  the  internal  organs  or  not),  the 
leucocytes  are  present  in  increased  numbers  i>er  cubic  niillimetn\ 
The  studies  of  Muir,  Ehrlich,  and  others  have  made  it  clear  that 
there  are  two  types  of  leucocytosis.  (1)  The  first  includes  only 
leueocytoses  of  sudden  appearance  and  short  duration  such  as  those 
produced  by  cold  baths.  Here  there  is  no  time  for  the  production  of 
new  cells  and  the  increase  of  white  corpuscles  in  the  peripheral 
blood  corresponds  in  all  probability  to  a  decrease  in  the  number 
ordinarily  hoarded  in  the  pulmonary  capillaries  and  elsewhere,  the 
total  number  of  leucocytes  in  the  botly  remaining  approximately 
the  same.  (2)  When  leucocytosis  lasts  for  months,  as  is  often  the 
case  in  long-standing  suppurations  and  malignant  neoplasms,  there 
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is  no  doubt  tliat  leucocytes  are  formed  and  turned  into  tlie  fircula- 
tiou  more  rujiiitlj-  than  under  normal  couditious.  The  total  iium- 
l»er  of  leuoocjt«8  in  the  body  is  then  gieatly  increased.  In  suuh 
cases  the  Jiiairow  is  foiuid  to  l>e  hyperplastic  whether  the  leucocy- 
tosis  is  due  to  bacterial  toxins  (Ribliert)  or  to  long-continued  ex- 
perimental injections  of  albumoses  (Taylor),  Chronic  leucocytosis, 
then,  is  a  func.tion  of  the  marrow, 

(6)  In  persons  not  usually  to  be  considered  sick,  but  simply 
.somewhat  wizened  or  ill-nourished,  the  normal  count  of  white  cells 
may  be  as  low  as  three  thousand  per  cubic  millimetre,  Por  such 
an  individual  ten  thousand  cells  per  cubic  millimetre  would  I*  a 
decidedly  pathological  condition.  On  the  other  band,  there  are 
persons,  usually  those  of  notable  vigor  and  good  nuti'ition,  wJiose 
white  cells  rarely  fall  below  ten  thousand. 

Obviously  we  must  take  account  of  these  differences  both  in  our 
definition  and  in  our  practice  if  we  are  to  reason  correctly  from  the 
data  of  blood  examination. 

(■;)  Further  we  must  lay  sti-ess  upon  the  varieties  of  leucocytes 
wfaoee  increase  constitutes  leucocytosis  iu  distinction  from  either 
variety  of  leukiemia  (myeloid  or  lymphatic). 

For  instance,  given  a  count  of  eighty  tliousand  leucocytes  per 
cuUfi  millimetre,  we  cannot  t«ll  without  knowing  the  varieties  of 
cells  present  whetlier  the  case  is  a  genuine  leukaemia  or  merely  a 
leucocytosis  symptomatic  of  pnenmonia,  suppuration,  malignant  dis- 
ease, or  other  conditions, 

(rf)  Lastly,  in  order  to  be  sure  that  the  polymorphonuclear  cells 
UK  not  decreased,  we  must  know  approximately  what  the  normal 
percentage  fnr  that  individunl  is  The  normal  percentage  of  these 
cells  in  infancy  is  from  twenty-eight  to  fortj  per  cent.  In  adults 
it  is  much  higher,  Tjut  varies  like  the  total  conut,  according  to  con- 
ditions of  nutrition,  etc.  Thus  the  normal  for  adults  ia  usually  set 
nt  from  sixty  to  seventy  per  cent,  and  if  we  include  the  obviously 
ill-nourished,  but  not  actually  sick,  and  also  those  in  bloonung 
health,  we  shall  have  to  widen  our  normal  limits  considerably. 
From  fifty  to  seventy-five  jwr  cent  are  within  normal  limits  accord- 
ing to  the  above  conception.  Uiit  obviously  we  can  make  no  abso- 
Inte  judgment  by  a  standard  so  vague.  It  is  much  better,  I  think, 
to  consider  each  individual  as  his  own  standard  within  these  limits, 
his  count  of  polymorphonuclear  cells  being  a  fair  measure  of  the 
aounilness  and  vigor  of  his  metabolism      Thus,  in  an  obviously 
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debilitated  individual,  we  should  consider  seventy-two  per  cent  of 
these  cells  very  high,  while  in  a  vigorous  athlete  it  might  not  be  so. 
In  typical  leucocytosea  of  the  inflammatory  type  the  percentage  of 
poly  nuclear  cells  often  rises  above  eighty  per  cent,  sometimes  much 
higher;  but  very  rarely  as  high  as  in  the  case  of  suppurative  men- 
ingitis mentioned  by  Stengel — 99,5  per  cent. 

It  is  the  endeavor  to  include  all  these  limiting  conditions  that 
has  made  my  definition  so  long  and  involved. 

Whether  or  not  differences  of  race  make  any  difference  in  the 
normal  count  of  white  cells  I  cannot  say,  but  certainly  the  average 
of  a  group  of  college  athletes  would  be  higher  than  that  of  some 
country  towns  in  New  England,  where  everybody  is  more  or  less 
under-nourished;  and  if  one  is  to  practise  among  all  sorts  and  con- 
ditions of  men,  I  think  he  cannot  but  expect  to  find  people's  leuco- 
cytes vary  all  the  way  from  5,000  to  10,500  per  cubic  millimetre, 
without  there  being  more  than  malnutrition  to  account  for  the  lower 
figures. 

We  may  divide  leucocytoses  for  convenience's  sake  into:  1. 
Physiological  leucocytoses.     2.  Pathological  leucocytoses. 

Physiological  Leucocytoses. 

1.  Leucocytosis  of  the  new-born 

2.  Leucocytosis  of  digestion. 

3.  Leucocytosis  of  pregnancy. 

4.  Leucocytosis  post  partum. 

5.  Leucocytosis  after  violent  exercise,  massage,  and  cold  baths. 

6.  Leucocytosis  of  the  moribund  state. 

The  Leucocytosis  as  Affected  by  Digestion  and  the  Time  of  Day. 

(a)  Total  abstinence  from  food  lowers  the  leucocyte  count.  In 
the  blood  of  the  professional  faster  Succi,  the  number  sank  within 
his  first  week's  fast  to  861  per  cubic  millimetre.  After  the  first 
week  it  rose  to  1,530,  and  remained  there  throughout  his  thirty 
days'  abstinence  (Luciani).*  The  polymorphonuclear  cells  and  eo- 
sinophiles  are  said  by  Tauszk  to  be  increased  in  chronic  starvation. 

Von  Limbeck  counted  the  blood  of  a  melancholic  patient  who 
had  fasted  a  week,  and  found  2,800  white  cells  per  cubic  millimetre. 
These  facts  support  the  idea  that  the  number  of  leucocytes  depends 
*  "Das  IIuDgerii."  German  translation  by  O.  FrftDkel.    Hamburg,  1890. 
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(vittiin  certain  limits)  on  the  individual 'a  assiiuiUitioii  of  food.     In 
cancer  of  the  gullet  we  find  similar  low  figures. 

(A)  After  a  midday  meal  rich  iu  proteids  the  leucocyte  coont 
rises  about  thirty-three  per  cent  iu  many  sound  persona.  Ten 
tliuosand  cells  may  perliaps  be  considered  the  average,  three  to  four 
hours  after  a  proteid  nieal;  but  if  the  count  before  a  meal  is  only 
4,000  or  5,000,  digestion  will  perhaps  not  raise  it  alxjve  7,000, 
while  vigorous  adults  may  show  13,000.  Examples  of  the  midday 
meal  leucocytosis  i^i  diseases  uther  tluui  gastric  ai'e  seen  in  the  fol- 
lowing table : 


CMC. 

TMgDOiia. 

couat  befoTB 

CDDaoRcr 

food. 

10,000 
10,400 
7.,W0 
6,4.'>0 

18,000 
21.700 
18.B00 
8,fl50 

Adbesions  around  gall -bladder. 

Occasionally  we  see  sound  persons  with  little  or  no  leucocytosis 
of  this  type. 

Any  disease  of  the  gas tro- intestinal  tract,  whether  functional  or 
organic,  may  prevent  the  appearance  of  the  midduy  leucocytosis 
(see  later  under  Diseases  of  the  Stomach,  page  436).  In  ansemlo 
and  debilitated  conditions  it  ia  frequently  absent. 

Food  may  call  forth  a  considerable  leucocytosis  when  it  is  a 
nwrlti/  in  the  stomsch.  Patients  with  gastric  ulcer  who  have  been 
fed  exclusively  by  i-ectum  for  some  weeks  may  show  a  marked 
leucocytosis  after  their  first  meal. 

Japha  {Jahrbuek  fur  Kindvrh.,  N.F.,  vol.  lii.,  p.  242),  who 
hasre^-eutly  gone  over  the  subject  afresh,  finds  that  in  infancy  there 
is  no  regular  digestion  leucocytosis,  and  that  iu  adults  a  leucocytosis 
is  frequently  absent  after  breakfast  aud  supper,  appearing  only  or 
chiefly  after  the  midday  meal,  eveu  though  the  other  meals  be  rich 
in  proteids. 

Further,  Japha  proved  that  even  in  fastintj  peisons  an  increase 
of  leucocytes  occurs  about  midday,  and  hence  he  lielieves  that  the 
so-called  digestion  leucocytosis  represents,  in  fact,  only  or  chiefly  a 
prriodic  daily  variation  like  that  of  blood  pressure  or  respiration. 

llurian  and  Scbur '  found  an  Increase  of  the  polymorphonuclear 
Tarietiea  in  those  cases  in  which  an  increase  of  the  total  count  took 
'Wien,  klin.  Wocli.,  Pebruurj-  lUb,  1897. 


92 


CLINICAL  BLOOD  EXAMINATION. 


place  at  all  and  Japha's  figures  support  this.  Bieder  reports  a 
lymphocytosis.  It  is  probable  that  both  lymphocytes  and  neutro- 
philes  are  increased,  while  eosinophiles  are  not  markedly  affected. 

In  view  of  these  facts,  it  se^ms  to  me  that  the  so-called  diges- 
tion leucocytosis  probably  represents,  as  Japha  suggests,  a  periodic 
daily  variation — at  any  rate,  in  part.  In  routine  blood  examina- 
tions allowance  should  be  made  for  it,  but  I  do  not  see  that  it  has 
any  diagnostic  value. 

Leiicocytosls  of  the  NewBon^ 

The  following  table  is  compiled  from  the  best  authorities  on  the 
subject  (Schiff,  Gundobin,  Bayer,  Hayem,  Carstanjen,  Warfield, 
and  others) : 


Age. 


At  birth 

End  of  first  day 

second  day 

fourth  day 

seventh  (lay 

Tenth  day 

Twelfth  to  eighteenth  day. . . . 

Sixth  month 

Sixth  year  and  upward 


M 


U 


U 


Red  cells. 


5.900,000 

7,000,000  to  8.800,000 

Generally  increased. 

6,000,000 

5,000,000 


Leucocytes. 


17,000  to  34.000 
24,000 
18,000 


10,000  to  14,000 

12,000 

12,000 

7,500 


The  counts  just  after  birth  are  higher  than  at  any  other  time  of 
normal  life.  Children  l)oni  after  a  long  hard  labor  or  delivered 
instrumen tally  after  long  labor  show  the  highest  counts. 

A  fuller  discussion  of  the  subject  will  lie  found  in  the  chapter 
on  the  blood  in  infancy. 

The  Leucocytes  In  Pregnancy 

On  the  authority  of  older  writers  it  has  been  generally  stated 
up  to  the  present  time  in  books  on  the  blood  (including  this  one) 
that  there  is  a  moderate  leucocytosis  in  primiparse  and  in  fifty  per 
cent  of  multiparai  during  the  later  months  of  pregnancy.  But  the 
more  recent  and  thorough  investigations  on  this  subject  have  not 
confirmed  the  earlier  statements. 

Greco  (Archiv,  de  Ostet.  e  GinemL,  December,  1899)  studied 
thirty-six  cases  and  found  no  leucocytosis  and  no  abnormality  in  the 
differential  count. 

Zangemeister  (Dent.  med.  Woch,,  July  31st,  1902)  compared  the 
blood   of   fifty-seven   pregnant   women  with   that  of    forty-seven 
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lieiiltliy  non-pregnant  women  and  found  no  cousiderable  differencu 
bet'Wet>n  the  counts  iu  the  two  series. 

Asi'iiU  and  Esdra  (t-iteil  from  Hahl :  Arch.  /.  Gi/nakoL,  1902,  p. 
491)  investigated  aeveuteeii  cases  at  various  periods  in  the  preg- 
muioy  and  found  no  genuine  leueocytosis  and  no  progressive  increase. 

Hahl  (luF.  cit.)  found  practically  no  increase  before  the  begin- 
ning iif  labor. 


t  Afifv  Parturition. 


Leaeafijtn* 
HiLl)ard  and  White  {Jour.  Erp.  Mtd.,  November,  1898)  studied 
^ft.y-tive  cases,  thirty-thi-ee  of  which  were  iu  primiparEe.  Twenty- 
four  hours  before  labor  eighty-four  per  cent  of  the  primipara* 
showed  leueocytosis  (/.(.■.,  over  10,000  \<fv  cubic  milUnietre),  the 
average  being  16,000,  while  in  aeveuty-five  per  cent  of  multipara 
there  was  snnie  inereuse  (11,700  overage). 

After  delivery  tliere  was  a  decided  fall  in  tlie  leucocyte  count, 
vhieb  waa  normal  about  tht;  fourth  day  with  a  slight  secoLdary 
rise  about  the  fifth  to  the  seventh  day  post  partum.  After  this  the 
Oncocytes  gradually  fell  to  normal.  The  leueocytosis  was  more 
narked  iu  the  yoiujger  women  and  in  primipars. 

Umiiig  labor  ifjself  the  counts  rose  from  an  average  of  12,200  to 
m  average  of  17,000  in  priniiparw,  and  from  9,600  to  12,200  in 
Bultipai-K      Mastitis  produced  a  rapid  rise  of  leucocytes. 

In  all  cases  the  increase  was  made  up  by  the  polynuclear  cells 
llrme,  while  eosinophiles  were  usually  scanty  or  absent. 

Hahl  (/or.  cit.)  studied  ihirty-six  cases  (twenty-one  primipaite 
jfte«n  multiparee)  and  concludes :  "  1.  During  the  last  day  of  preg- 
mcy  the  leucocytes  are  somewhat  increased.     The  beginning  of 
ilxir  pains  produces  £i  fuither  ami  rapid  increase  made  up  wholly 
of  the  polynuclear  cells.     2.  In  the  course  of  the  first  week  after 
livery  tJie  leucocytes  return  to  normal." 
Zangemeister  {lor.  rit.)  couftnns  the  above,  and  adds  that  in 
esprcially  difficult  or  painful  labors  the  leucocytes  are  proportionally 
increased  (f.y.,  to  30,000  or  more).      In  the  puerperium  very  high 
counts  were  found  only  when  there  was  marked  absorption  of  decom- 
posed lochia.      He  believes  that  no  diagnostic  or  prognostic  value 
can  lie  placed  upon  leucocyte  counts  in  the  puerperium. 

The  articles  of  Henderson  (^British  Joiirn.  of  Ofrnt.  and  Gi/n., 

1902,  p.  168)  and  of  Pray  { American  Gyn.,  October,  1902)  contirm 

,  te  essentials  tliese  tiudin 
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The  Leucocytosis  of  Violent  Exercise. 

Larrabee,  Tileston,  and  Emerson  *  have  recently  studied  the 
blood  of  eleven  men  before  and  after  a  twenty-five-mile  road  race 
on  foot.     Their  results  are  summarized  in  the  table  on  page  Mb, 

The  most  striking  point  is  the  resemblance  of  the  blood  to  that 
found  in  leucocytoses  of  the  inflammatory  or  toxic  (distinctly  path- 
ological) type.  Even  the  abnormal  forms  of  leucocytes — myelocytes, 
transitional  neutrophiles,  and  "stimulation  forms  " — were  present  in 
some  cases,  while  eosinophiles  were  reduced  or  absent. 

Cold  Baths  and  Massage. 

Thayer  studied  twenty  cases  of  typhoid  and  found  an  average  of 
7,724  white  cells  before  and  13,170  after  a  Brand  bath  {Johns 
Hopkins  Medical  Bullet  in ,  April,  1893).  The  increase  took  place 
equally  in  all  varieties.  Winternitz  (Imperio-Royal  Medical  So- 
ciety, Vienna,  Febi-uary,  1893)  came  to  a  similar  conclusion  and 
found  also  that  prolonged  cold  bathing  decreased  the  number  of 
white  cells  (dry  cold  does  the  same).  A  patient  was  recently 
brought  to  the  Massachusetts  Hospital  who  had  fallen  through  a 
hole  in  the  ice  and  been  some  minutes  in  the  icy  water.  His  tem- 
perature was  91.8^  by  the  rectum.  Blood  count  showed  17,500 
leucocytes  per  cubic  millimetre.     Next  day  he  was  perfectly  well. 

On  the  contrary,  short  hot  baths  decrease  and  prolonged  ones  in- 
crease the  number  of  leucocytes.  Local  warm  baths  have  a  similar 
effect,  raising  the  count  of  leucocytes  in  the  blood  of  the  immersed 
arm  if  cold  and  short,  and  lowering  it  if  hot  and  short,  while  pro- 
longed immersion  has  an  opposite  effect.  In  t)ie  other  arm  the 
counts  go  up  when  those  of  the  immersed  arm  go  down,  and  vice 
versa  (Rovighi).'  ^litchell  *  found  that  the  leucocytes  showed  dis- 
tinct increase  (as  well  as  the  red  cells  and  haemoglobin)  after  one 
hour's  general  massage. 

These  forms  of  leucocytosis  are  usually  explained  by  changes  in 
blood  pressure,  and  vasomotor  changes  affecting  the  calibre  of  the 
peripheral  vessels  and  consequently  their  contents.     Becker  *  found 

*  Boston  Med.  and  Surg.  Journal,  February  19th,  1903. 
«Arch.  Ital.  d.  Clin.  Med.,  xxxii.,  3,  1893. 
3  American  Journal  of  the  Medical  Sciences,  May,  1894. 
^Dcutch.  Arch.  f.  klin.  Med.,  1901,  vol.  Ixx. 
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that  the  increase  of  leucocytes  in  the  capillary  blood  after  short 
cold  baths  was  not  maintained  in  the  venous  blood.  There  the 
leucocytes  were  normal. 

Terminal  Leucocytosis, 

The  leucocytosis  of  the  moribund  state,  though  by  no  means 
invariable,  occurs  in  many  cases,  whether  from  the  influence  of  a 
terminal  infection  or  from  stasis.  When  death  is  sudden  or  rapid, 
it  does  not  occur.  It  seems  to  be  analogous  to  the  terminal  rise  of 
temperature  seen  at  the  close  of  many  chronic  non-febrile  affections. 
The  longer  the  patient  is  moribund  the  higher  the  count  reaches. 
In  pernicious  anaemia  the  increase  may  he  so  great  as  to  simulate 
lymphatic  leukaemia.  Such  a  case  occurred  in  the  writer's  own 
experience  (see  also  pages  136-137).  The  patient  had  presented  the 
signs  and  symptoms  of  pernicious  anaemia. 

Slides  taken  on  the  day  of  death  showed  a  ratio  of  one  white  to 
fifteen  red  cells,  the  small  lymphocytes  greatly  predominating,  but 
the  autopsy  revealed  simply  the  lesions  of  pernicious  anaemia.  The 
differential  count  of  1,000  leucocytes  on  the  day  of  death  showed : 
Lymphocytes,  91.7  per  cent;  polymorphonuclear  cells,  7.7  per 
cent;  eosinophiles,  0.5  per  cent.  Four  megaloblasts  were  seen  while 
counting  tliese.     The  total  leucocyte  count  was  about  60,000. 

In  ordinary  cases  the  differential  count  shows  an  increase  in  the 
polymorphonuclear  leucocytes.  Thus  in  a  case  reported  by  Rieder, 
in  which  the  leucocyte  count  rose  during  the  last  two  days  of  life 
froiu  7,800  to  59,300,  the  polymorphonuclear  cells  constituted  87.5 
per  cent  of  the  whole  59,300. 

Pathological  Leucocytoses. 

For  convenience'  sake  these  may  be  divided  as  follows: 

1.  Post-hemorrhagic  leucocytosis. 

2.  Intlamniatory  leucocytosis. 

3.  Toxic  leucocytosis. 

4.  Leucocytosis  in  malignant  disease. 

5.  Leucocytosis  due  to  therapeutic  and  experimental  influences. 

1.   Post-hemorrhagic  Leucoctftosis, 

Within  an  hour  after  a  huge  hemorrhage  we  find  commonly  a 
considerable  increase  (16,000-18,000).  In  hemorrhage  from  the 
stomach  this  disappears  again,  usually  within  a  day  or  two,  while 
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II  ordinary  traumatic  hemorrhage  it  persists  longer.     This  last  fact 
tuiiy  perhaps  be  explained,  as  v.  Limbeck  suggests,  by  the  local 

\  conditions  In  the  wound  rather  than  by  tJie  loss  of  blood  in  itself. 
T!ie  polyinorphwuuclear  leucocytes  are  usually  increased  rela- 

I  tively  and  absolutely  as  in  other  forms  of  pathological  leucocytosis. 

I    Bometimes  we  have  lymphocytosis  (see  page  118).     The  average  of 

'  inerease  in  the  white  cells  is  parallel  in  a  general  way  to  the  auEemia 
pi-oduced  in  the  individual,  i.e.,  it  depends  on  his  powers  of  recu- 
peration rather  than  on  the  amount  of  blood  lost.  Its  duration  fol- 
lows the  same  rule.' 

S.  Jnjiiimvtalory  Lmicoeytoaia, 
1  use  the  term  "  inflammatory  leucocytosis  "  rather  than  "  leu- 
cocytosis of  infectious  diseases "  because  there  is  a  considerable 
number  of  infectious  diseases  in  which  no  leucocytosis  occurs,  while 
it  accompanies  almost  all  forms  and  cases  of  inflammation.  Never- 
theless I  shall  class  under  this  heading  some  diseases  in  which  in- 
I  flammation  plays  but  n  very  sul<orilinate  r6Ie. 

I.  Although  purulent  nnd  ffanyrvnous  pyocesfi^s  usually  cause  a 
[  higher  count  of  white  cells  than  serous  processes,  the  amount  of 
I  the  exudation  is  not  a  measure  of  the  amount  of  leucocytosis.  It 
1  eeemit  to  depend  rather  on  the  resultant  of  two  forces,  viz.,  the 
I  seventy  of  the  infection  and  the  resisting  power  of  the  Individual. 
I  Those  factors  may  interact  in  various  ways; 

1.  Infection  mild:  resistance  good  =  smalt  leucocytosis. 

2.  Infection  less  luild :  resistance  less  good  =  moderate  leueo- 
Lcytosis. 

3.  Infection  severe :  resistance  good  =  very  marked   leucoey- 


4.  Infection  severe:  resistance  poor  =  no  leucocytosis. 

This  will   be  illustrated  later  under  "Pneumonia "  and  under 

"Sepsis."     Experiments  on  animals  show  that  whereas  moderate- 

I  sized  doses  of  septic  cultures,  not  sufficient  to  kill  the  animal,  are 

followed  by  leucocytosis,  larger  doses,  after  which  death  follows 

speedily,  do  not  raise  the  leucocyte  count  at  all.     Animals  weak- 

I  ened  1^  any  cause  show  less  leucocytosis  to  a  moderate  dose  than 

1'  Btnnig  animals. 

If  the  individual  reacts  from  the  shock  his  leucocytes  are  in- 
'  Further  account  or  llie  bliMd  after  hemorrhage  will  be  fouud  on  p.  ISS 
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creased  again  and  rise  above  normal.     If  reaction  faiU^  the  leu- 
cocytes do  not  rise. 

II.  The  course  of  the  leucocytosis  as  regards  both  amount  and 
duration  shows,  like  the  temperature  chart,  certain  more  or  less 
characteristic  differences  in  different  cases. 

III.  In  some  diseases,  e,g.  in  measles,  in  which  the  absolute 
number  of  leucocytes  is  not  increased,  we  see  a  relative  increase  in 
the  polymorphonuclear  cells,  pointing  to  the  fact  that  influences 
are  at  work  similar  to  those  which  produce  an  absolute  increase. 

IV.  That  the  amount  of  exudation  is  not  of  itself  a  measure  of 
the  amount  of  leucocytosis  is  shown  by  the  fact  that  erysipelas  or 
scarlet  fever  may  be  accompanied  by  as  high  a  count  as  the  average 
count  in  pneumonia  or  empyema. 

That  purulent  exudations  usually  have  more  effect  on  the  white 
cells  than  do  serous  ones  is  due,  I  suppose,  to  the  fact  that  a  puru- 
lent inflammation  usually  means  a  severer  infection. 

V.  No  direct  connection  exists  between  leucocytosis  and  fever, 
many  febrile  affections  nuining  their  course  with  a  normal  leu- 
cocyte count.  When  both  leucocytosis  and  fever  are  due  to  the 
same  causes  they  rise  and  fall  together;  but  the  correspondence  is 
rarely  accurate,  and  marked  leucocytosis  may  exist  without  fever. 

VI.  Acute,  rapidly  spreading  inflammations  seem  to  produce  a 
gR^Uer  leucoi^ytosis  (other  things  being  equal)  than  those  in  which 
the  process  is  relatively  chronic  and  stiitionury.  For  instance,  an 
appendicitis,  when  well  walled  off  and  stationary,  shows  less  in- 
crease in  white  blood  cells  than  while  its  lesions  are  progressing. 
Hut  poracute,  overwhelming  general  si?])sis  nmy  have  no  effect  on 
the  leucocytes,  the  reactive  power  of  the  organism  being  crushed. 

VII.  Most  inflammatory  leucocytoses  are  preceded  by  a  tempo- 
rarv  diminution  in  the  number  of  leucocvtes.  This  occurs  in  ani- 
nulls  from  shin^k  of  any  kind  (blows  on  the  head,  tying  to  the  ether- 
izing board),  and  it  seems  not  unlikely  that  the  cause  is  the  same 
in  all  oases. 

The  following  is  a  list  of  the  more  important  inflammatory  or 
infectious  conditions  in  which  leueo(*ytosis  appears: 

1.  InftrtioHs  diseases  trith  vomp<trativeit/  slight  local  inflamma- 
tory processes : 

(a)  Asiatic  cholera. 

(/>)  Relapsing  fever. 

(r)  T\  ph\is  fever  (according  to  the  majority  of  observers). 
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(d)  Scarlet  fever. 

(e)  Diphtheria  and  follicular  tonsillitis 
(/)  Syphilis  (secondary  stage). 

(g)  Erysipelas. 

{h)  The  bubonic  plague. 

(t)  Yellow  fever  (some  cases). 

2.  Infectious  diseases  with  more  extensive  local  lesions  : 

(a)  Pneumonia. 

(b)  Smallpox  (suppurative  stage) 

(c)  Malignant  endocarditis,  puerperal  septicaemia,  and  all  pyaemic 
and  septieseraic  conditions. 

(rf)  Actinomycosis. 

(e)  Trichinosis. 

(/)  Glanders. 

(ff)  Acute  multiple  neuritis  (febrile  stages). 

(A)  Acute  articular  rheumatism. 

(i)  Septic  meningitis  and  cerebro-spinal  meningitis. 

(J)  Cholangitis,  cholecystitis,  and  empyema  of  the  gall  bladder. 

(k)  Acute  pancreatitis. 

(/)  Endometritis,  cystitis  (some  acute  cases). 

(in)  Gonorrhoea. 

3.  Locul  inflammatory  processes .' 

(a)  Abscesses  of  all  kinds  and  situations,  such  as: 
Felon. 

Carbuncle,  furunculosis 

Tonsillar  and  retropharyngeal  abscess. 

Appendicitis,  phlebitis  (some  cases). 

Pyonephrosis,  perinephritic  abscess,  and  pyelonephritis. 

Osteomyelitis,  empyema. 

Psoas  and  hip  abscess  when  not  simply  tuberculous. 

Abscess  of  lung,  liver,  spleen,  ovary,  prostate. 

Salpingitis  and  pelvic  peritonitis,  epididymitis. 

(b)  Inflammations  of  the  serous  membranes,  including: 
Pericarditis,  peritonitis,  arthritis  (serous  or  purulent,  non-tuber- 
culous), conjunctivitis. 

(c)  Gangrenous  inflammations,  as  of  the 
Appendix,  lung,  bowel,  mouth  (noma). 

{d)  Many  inflammatory  skin  diseases,  such  as  dermatitis,  pem- 
phigus, pellagra,  herpes  zoster,  prurigo,  some  cases  of  universal 
eczema,  etc. 
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3,   Toxic  Leucocytosts, 

Under  this  heading  I  have  grouped  most  of  the  conditions  not 
obviously  to  be  explained  as  infectious  or  inflammatory  (though 
some  may  turn  out  to  be  such)  and  not  due  to  malignant  disease  or 
therapeutic  agencies.  This  classification  is  chiefly  for  convenience' 
sake  and  represents  only  a  guess  at  the  real  explanation  of  the 
leucocy  tosis : 

(a)  Leucocy  tosis  of  illuminating-gas  poisoning. 

(/>)  "  "  quinine  poisoning. 

(c)  "  *'  rickets  (many  cases). 

((f)  "  "  the  uric-acid  diathesis,  gout. 

(e)  "  "  acute  yellow  atrophy  of  the  liver. 

(/)  "  "  advanced  cirrhosis  of  the  liver  (some  cases), 

especially  with  jaundice. 

(fj)  "  "  acute      gastro  -  intestinal     disorders    (pto- 

malns?). 

(A)  "  "  chronic  nephritis,  usually  in  ursemic  cases. 

(/)  Leucocy  tosis  after  injections  of  tuberculin  and  thyroid  ex- 
tract. 

(J)  "         after  injection  of  normal  salt  solution  (intra- 

venous). 

(k)  "         after  ingestion  of  salicylates,  potassium  chlorate, 

or  plienacetin. 

(Z)  "         during  and  after  prolonged  chloroform  narcosis 

(on  the  effects  of  narcosis  upon  the  blood 
see   page  253). 

Possibly  the  leucocytosis  of  acute  delirium  and  some  cases  of 
acutf  mania  belong  also  in  this  group. 

^.   Leucorytoais  of  Malignant  Disease, 

Very  likely  this  belongs  more  properly  under  one  or  another  of 
the  classes  just  mentioned  Some  observers  think  that  it  occurs 
only  from  the  inflammation  excited  in  the  periphery  of  some  malig- 
nant tumors;  others  that  it  is  due  to  absorption  of  morbid  products 
from  the  tumor  itself;  others  again  that  it  is  to  be  accounted  for  by 
the  cachectic  state  associated  with  the  growth  of  the  tumors.  The 
details  and  conditions  of  its  occurrence  will  be  discussed  later  (page 
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'/toaU  Due  to  TheMijitiitlc  and  Erpm-imental  Infiutncea. 

Pobl '  fouud  that  most  of  the  so-called  tonics  and  stomachics 
produce  a  slight  incvease  iu  the  white  cells  in  aniinala,  particularly 
the  vegetable  tonics  like  tinctiire  of  gentian  and  oil  of  anise  seed, 
while  bismuth,  bicarbonate  of  soda,  and  iron  had  no  such  effect. 
Quiniue,  caffeine,  and  ethyl  alcohol  gave  likewise  negative  resulta. 
Von  Limbeck  found  leucocytosis  in  men  after  oil  of  peppermint  and 
oil  of  anise  seed. 

Biiiz'  got  the  same  results  with  camphor.  In  all  these  experi- 
ments the  substances  were  given  by  the  month. 

Using  subcutaneous  or  intravenous  injections,  L6wit  eacperi- 
meiited  on  animals  with  hemialbumose,  peptone,  pepsin,  nucleinic 
acid,  nuclein,  extract  of  blood-leech,  pyoeyanin,  tuberculin,  curare, 
nric  acid,  urate  of  sodium,  and  nrea.  All  but  the  last  of  these  pro- 
duce temporary  decrease  followed  by  increase  of  leucocytes. 

Goldschneider  and  Jacob'  nsed  extracts  of  various  organs, 
Extract  of  spleen,  marrow,  and  thymus  produced  leucocytosis  pre- 
ceded, as  in  Lc^wit's  experiments,  by  a  brief  diminution  in  tlie  num- 
ber of  leucocytes,  while  extract  of  pancreas,  tliyroid,  kidney,  and 
liver  had  no  effect. 

Winternitz'  injected  a  large  variety  of  substances  subcutane- 
ously  ainl  found  that  the  degree  of  leucocytosis  was  jHirallel  to  the 
degree  of  local  reaction  excited 

For  example,  neutral  salts  and  weak  acids  or  alkalies  produced 
slight  local  inflammation  and  a  leucocytosis  of  from  forty  to  sev* 
enty-tive  per  cent  of  the  origial  count.  But  irritants  like  turpeu- 
tine,  ornton  oil,  nitrate  of  silver,  sulphate  of  copper,  mercury, 
antimony,  digitoxiu,  etc.,  produced  local  suppuration  (aseptic)  and 
much  greater  leucocytosis  (two  hundred  to  tliree  hundred  per  cent). 

Pilocarpine  and  antipyrin  have  been  found  by  von  Jaksch  and 

others  to  produce  mai'ked  increase  in  the  number  of  leucocytes 

when  given  subcutaneously.     During  the  use  of  thyroid  extract 

Bichter  {Centralblatt  f.  inn.  Med.,  1896,  p.  3)  noted  leucocytosis. 

Renu  and  Boeri  report  leucocytosis  (slight)  after  purgatives  such 

as  castor  oil,  podophyllin,  and  soammony.     Schreiber  {Dent.  Arch. 

'  Arch.  t.  exp.  Path.  u.  Pharm.,  vol,  xv..  ie9&, 

•A«h.  f.  cxp.  Path.  u.  Pbarm,.  vol.  v.,  p.  123. 

•Arch.  f.  Anat.  ii.  Physiol  ,  18B8,  p.  M7. 

'Arch.  f.  exp.  Path.  u.  f^arm.,  vol.  xxxv.,  p,  77, 
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/.  kiln.  Merl.y  1899,  vol.  Ixii.,  p.  242)  found  that  salicylic  acid  pro- 
duced leucoeytosis  for  the  tirst  few  days  of  its  administration. 

Other  drugs  which  have  l)een  reported  to  produce  leucocytosis 
are  potassium  iodide,  spermine,  morphine,  sodium  salicylate,  and 
phenaeetin. 

The  transfusion  of  blood  of  normal  salt  solution  has  a  like  effect 
(see  Bibliography  in  Da  Costa). 

A  large  number  of  observations  on  the  effects  of  injections  of 
bacteria  or  their  toxins  agree  in  the  following  results : 

1.  When  the  dose  is  very  large  the  leucocytes  are  reduced,  and 
the  animal  dies. 

2.  When  the  dose  is  not  sufficient  to  kill  the  animal  then  tem- 
porary diminution  in  the  leucocytes  is  soon  followed  by  leucocytosis. 

3.  When  the  dose  is  slowly  fatal  the  count  of  leucocytes  oscil- 
lates up  and  down  within  wide  limits. 

4.  Animals  previously  rendered  immune  to  the  poison  injected 
show  little  or  no  leucocytosis. 

5.  Leucocytosis  is  more  easily  called  forth  and  of  greater  extent 
in  young  animals. 

6.  Most  pathogenic  organisms  act  similarly,  but  bacilli  and 
toxins  of  tuberculosis  as  a  rule  cause  no  leucocytosis. 

7.  There  is  no  evidence  that  any  one  variety  of  leucocyte  is 
attracted  by  any  particular  bacillus  or  toxin. 

In  the  above  sketch  of  therapeutic  and  experimental  forms  of 
leucocytosis  no  attempt  has  been  made  to  give  anything  but  the 
more  interesting  and  important  outlines  of  the  immense  amount  of 
work  done. 

Cell  Structure  of  the  Leucocytes  in  Leucocytosis. 

Hitherto  we  have  spoken  as  if  leucocytosis  meant  only  an  in- 
creased number  of  the  normal  cells,  but  one  cannot  study  the  cell 
forms  in  extensive  pathological  leucocytosis  without  noting  in  many 
cases  qualltatlvechiuiges  in  the  individual  cells.     These  are  chiefly: 

1.  A  greater  or  less  approximation  of  the  nuclei  of  polymor- 
phonuclear neutrophiles  to  the  appearances  of  the  myelocyte  nucleus. 
As  will  be  mentioned  later  under  leukaemia,  we  find  in  every  blood 
containing  many  myelocytes  numerous  cells  whose  nucleus  is  on  the 
border  line  between  the  myelocyte  and  the  polymorphonuclear 
stage,  so  far  as  appearances  go.  Now  in  leucocytosis  we  find  the 
same   '*  border-line  "  cells  in  smaller  numbers,  the  likeness  to  the 
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myelocyte  sonietimes  passing  into  identity  iu  one  to  three  per  cent 
of  the  cells. 

2.  Tttrck's  "  Reizungsformeii "  or  "  stimulation  cells  "  in  which 
the  protoplasm  of  the  cell  (which  is  in  other  respects  like  a  large 
lymphocyte)  shows  a  greater  or  less  approximation  to  the  appear- 


no.  SB.— Atypical  Leucocytes  seen  in  Leucoeytoete.  1,  Leucocytes  with  polar  arranfirement  of 
nuclei  (mltoela?);  2  and  3,  leucocytes  with  nuclei  resembllnsr  those  of  myelocytes:  4.  leu- 
cocyte containing?  two  kinds  of  granules. 


ance  of  myelocyte  protoplasm,  i.^.,  a  diffuse  violet  or  purple  color 
exactly  as  in  the  myelocyte  but  non-granular,  Engel  makes  a 
separate  varietyof  this  cell,  giving  it  the  useless  name  of  "  mono- 
nuclear cell."  Weil  calls  it  the  "non-granular myelocyte."  TUrck 
considers  its  presence  in  the  circulating  blood  to  indicate  a  stimula- 
tion of  the  marrow  by  the  toxins  of  disease,  resulting  in  the  pas- 
sage of  this — supposedly  immature — cell  into  the  blood. 

3.  Other  finer  changes,  such  as  the  number,  size,  and  staining 
power  of  the  neutrophilic  granulations,  polar  position  of  the  nuclei, 
etc.  (see  Fig.  26),  require  further  study. 

Changes  like  the  above  militate  against  the  idea  that  leucocyto- 
sis  is  simply  a  matter  of  the  distribution  of  fully  formed  leucocytes 
in  the  peripheral  or  internal  vessels. 

For  an  account  of  iodophilia  or  the  iodine  reaction  in  the  poly- 
nuclear  leucocytes  during  suppurations  see  page  pages  42-43. 
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Absence  of  Leueocytosis. 

It  is  of  fully  as  great  a  practical  assistance  to  us  to  know  that 
in  certain  infective  diseases  leucocytosis  is  regularly  absent  as  to 
know  those  conditions  in  which  it  is  to  be  expected.  Among  the 
most  important  diseases  in  which  leucocytosis  is  conspicuously 
absent  are : 

(a)  Typhoid  fever  and  "  paratyphoid  "  infections. 

(J>)  Malaria.' 

(c)  Grippe  (most  cases). 

(d)  Measles. 

(e)  R5theln  and  mumps. 
(/)  Malta  fever. 

{g)  Cystitis. 

(A)  Tuberculosis,  including — 
Incipient  phthisis. 
Miliary  tuberculosis. 
Tuberculous  peritonitis. 

*'  ostitis  and  periostitis. 

"  pleurisy. 

"  pericarditis.* 

In  some  of  these  affections,  notably  in  miliary  tubercle  and  the 
later  weeks  of  typhoid,  the  leucocytes  are  diminished.  Further 
details  will  be  given  under  the  special  diseases. 

Lkucopenia. 

Definition, — A  diminution  in  the  number  of  white  cells  in  the 
peripheral  circulation  as  compared  with  the  number  normal  for  the 
given  individual. 

1.  The  effects  of  starvation  and  malnutrition  in  producing  leu- 
copenia  have  already  been  described.  Such  leucopenia  is  usually 
associated  with  lymphocytosis  (see  below).  Cancer  of  the  gullet  is 
an  example  of  this  class. 

2.  Short  hot  baths  or  prolonged  cold  baths  produce  temporarily 
the  same  result  (Winternitz,  lor.  cit, ). 

3.  Most  of  the  infective  diseases  in  which  there  is  no  leucocyto- 
sis are  sometimes  characterized  by  leucopenia,  e,f/.,  grippe,  measles, 

*  Tuberculous  meningitU  often  does  show  leucocytosis  {vide  it\fra,  p.  803). 
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miliary  tuberculosis,  and  other  forms  of  pure  tiil^nnilous  infection, 
malaria,  and  especially  typhoid,  in  the  later  weeks  of  which  it  is 
almost  invariable,  and  is  accompanied  by  lymphocytosis,  lu  ii  ciise 
of  glandular  tuberculosis  with  brouchopueumonia  Vaquez  and 
Ribierre  (Soe.  Med,  d.  H5p.,  1900,  p.  914)  report  a  great  diiuiuu- 
tiou  both  of  red  cells  (to  1,000,000)  and  of  leucocytes  (to  2,300) 
the  loss  involving  solely  the  polynuolears,  which  were  reduced  to 
184  per  cubic  millimetre  (eight  per  cent),  while  the  lymphocytes 
remained  nearly  normal,  2,116  per  cubic  millimetre  (uiuetv-two  per 
cmt). 

P.  K,  Brown  lias  recently  reported  a  fatal  case  of  infectious 
pharyngitis  with  intense  and  continued  leucopenia.  Wlieu  a  case 
of  lenksmia  is  complicated  by  an  infective  ditsease  (pneumonia,  i>ep- 
ticffimii)  the  number  of  leucocytes  may  fall  below  the  uoriaal.  lu 
a  case  recently  occurring  at  the  Massachusette  General  Hospital  iu 
which  a  lymphatic  leukceiiua  was  terminated  by  septiciemia  from 
glauduUr  suppuration,  the  white  cells  fell  gradually  from  40,000 
three  weeks  before  death  to  419  per  cubic  millimetre  on  the  day  of 
death.'  The  differential  count  was  unchanged  (lymphocytes  = 
ninet}--eight  per  cent). 

4,  In  pernicious  aiiffimia  the  count  is  usually  very  low  and  may 
fall  below  1,000  cells  per  cubic  millimetre      Other  severe  types  of 
pia  (rachitic,  syphilitic,  post- hemorrhagic)  may  produce  the 
'result. 

p  Splenic  anaemia  or  the  splenic  form  of  Hodgkin's  disease  is 
i  associated  with  marked  leucopenia. 

C.  Medicinal  leucopenia— following  the  injection  of  ergot,  tan- 
nic acid,  sulphonal,  atropine,  agaraciii,  and  some  other  drugs,  has 
been  described  by  Bohland  (CV«(m«.  /.  inn.  Med.,  1899,  vol  xx., 
p.  361). 

LVMHIIOrVTOSIS. 

LipnphoeytosU  i»  on  abiohite  and  relative  increase  in  the  einnilitt- 
itiff  lymphociita.  The  increase  is  relative  to  the  numlwr  of  lyni- 
phocyles  normal  for  the  individual.  When  lymphocytosis  and  an 
increase  of  the  total  leucocyte  count  are  present  we  cannot  distin- 

'  KobUnk  (Divert.,  Bvrllu,  1898)  could  Had  but  um  leucocyte  iu  tweuty 
•lained  cover-glas«  prepurutlons  from  tb«  btuod  of  a  case  of  epilepsy.  No 
count  was  made.  Id  Brown's  case  (American  Medicine,  April  IStb.  \W&)  the 
leucocytes  Muk  to  200  per  cubic  niiliimetra  btifuru  death. 
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giiish  the  blood  from  that  of  lymphatic  leukaemia,  and  the  distinc- 
tion must  depend  upon  the  course  and  symptoms  of  the  case. 

1.  Such  a  condition  (relative  to  the  adult)  occurs  in  healthy  in- 
fants* blood  and  in  many  diseases  of  infancy,  the  blood  seeming  to 
have  a  tendency  to  return  to  the  infantile  type.  This  is  especially 
true  of  cholera  infantum,  rickets,  and  congenital  syphilis.  Any- 
thing that  retards  the  infant's  normal  gain  in  weight  or  general 
development  retards  its  blood  development  as  well. 

2.  Pertussis,  as  Meunier  has  recently  shown,  is  accompanied  by 
a  very  marked  lymphocytosis,  the  lymphocytes  being  quadrupled 
while  the  polynuclear  cells  are  doubled.  The  increase  is  absolute 
as  well  as  relative  (see  pages  107  and  220). 

Variola  also  shows  lymphocytosis  according  to  Weil. 

3.  Hereditary  syphilis  is  perhaps  the  best-known  cause  of  rela- 
tive lymphocytosis  in  children.  Scurvy  may  produce  the  same 
result.  Dividing  the  anaemias  of  children  into  two  groups,  those 
that  do  and  those  that  do  not  produce  leucocytosis,  it  appears  that 
the  great  majority  of  those  whose  total  leucocyte  count  is  normal 
show  a  relative  lymphocytosis.  This  is  the  case  irrespective  of 
whether  there  is  enlargement  of  the  spleen  or  not.  Sometimes  the 
smaller,  sometimes  the  larger  lymphocytes  are  in  the  majority. 
Often  no  division  between  the  two  kinds  is  possible. 

4.  In  adults  some  forms  of  debility  may  be  associated  with  an 
increased  percentage  of  lymphocytes,  due  in  fact  to  the  absolute 
diminution  of  the  neutrophlles.  This  should  be  distinguished  from 
true  lymphocytosis.  The  same  false  appearance  of  lymphocytosis 
may  be  seen  in  haemophilia,  goitre,  cervical  adenitis,  and  other  con- 
ditions involving  a  diminution  of  the  polynuclear  neutrophiles,  in 
chlorosis,  pernicious  ancemla,  Graves^  disease  and  the  anaemia  second- 
ary to  syphilis,  in  the  later  weeks  of  typhoid  fever  and  in  lactation. 

5.  After  the  administration  of  thyroid  extract,  tuberculin,  pilo- 
carpine, or  quinine  hydroehlorate  subcutaneously. 

6.  The  larger  forms  of  lymphocytes  are  in  increased  in  malaria, 
in  some  splenic  tumors  (chronic  "ague  cake"),  and  especially  in 
the  post- febrile  stage  of  measles;  also  in  many  of  the  same  diseases 
in  which  the  small  lymphocytes  are  increased. 

7.  The  most  marked  absolute  lymphocytoses  known  to  me  (ex- 
cluding leukaemia)  occurred  in  two  cases  of  pertussis-pneumonia  in 
infancy.  One  case  occurred  at  the  Massachusetts  General  Hospital 
in  1894 — in  a  child  of  six,  who  passed  through  an  attack  of  broncho- 
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pneumonia  with  uneventful  recovery,  the  only  peculiarity  of  the 
case  l)eing  the  marked  increase  of  white  cells  running  up  to  94,600, 
sixtynine per  cent  of  which  tcere  lymphocytes.  During  convalescence 
the  blood  became  normal  and  the  child  left  the  hospital  entirely 
well.  In  1900  we  had  a  similar  case  in  a  baby  of  fifteen  months, 
well  until  seized  with  paroxysms  of  coughing  four  days  before  en- 
trance.* The  spleen  and  glands  were  normal.  There  were  no 
hemorrhages  and  no  anaemia.     The  blood  showed 


First  day  . 
Third  day. 
Fifth  day . 
Sixth  day. 


White  cells. 

Percent 
polynuclear. 

Per  cent 
lymphocytes. 

Per  cent, 
eoslnophUes. 

103,000 

104.850 

185,000! 

DpAth.  No 

autopsy. 

85 

64.5 

0.5 

Remarks. 


Red  cells  normal. 
No  nucleated  forms. 


Since  reading  Meunier's  account  of  the  enormous  lymphocytosis 
of  whooping-cough  I  have  believed  these  two  cases  to  have  been 
atypical  whooping-cough.  These  cases  will  be  referred  to  later  in 
the  account  of  the  blood  of  pneumonia. 

Diagnostic   Value  of  Lymphocytosis, 

1.  I  have  already  suggested  that  the  degree  of  health  in  per- 
sons not  organically  diseased  might  perhaps  prove  to  vary  directly 
with  the  percentage  of  polymorphonuclear  cells  in  the  blood. 

2.  In  children  the  same  percentage  is  to  a  certain  extent  a  meas- 
ure of  the  child's  degree  of  development — causes  of  leucocytosis 
being  excluded,  and  the  percentage  normal  for  a  child  of  the  pa- 
tient's age  being  taken  as  the  standard. 

3.  Absolute  lymphocytosis  in  the  presence  of  glandular  tumors 
is  our  mainstay  in  the  diagnosis  of  lymphatic  leukaemia,  but  whoop- 
ing-cough must  always  be  remembered  as  a  source  of  error. 


EOSINOPHILIA. 

Definition, — An  increase  in  the  number  of  eosinophiles  in  the 
circulating  blood. 

'  A  similar  case  has  recently  been  reported  by  Steven  (see  page  221). 
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Physiological  Eoainophilia, 

There  is  no  constant  eosinophilia  either  in  infancy  or  during 
menstruation,  as  the  researches  of  Carstanjen  have  shown ;  but  at 
these  periods  the  number  of  eosinophiles  is  subject  to  remarkable 
oscillation,  which  no  doubt  has  given  rise  to  the  impression  that 
they  are  regularly  increased. 

Among  the  causes  of  pathological  eosinophilia  are : 

1.  Bronchial  Asthma  and  Fibrinous  Bronchitis. — During  parox- 
ysms the  eosinophiles  are  plentiful  in  the  sputum  and  in  the  mucous 
membrane  of  the  upper  air  passages  as  well  as  in  the  blood.  In 
the  case  quoted  from  Billings  (see  page  377)  there  were  63  per 
cent  of  eosinophiles  in  a  leucocyte  count  of  8,300.  Gabritschewsky 
reports  22.4  per  cent  in  asthma. 

2.  Acute  and  Chronic  Skin  Diseases, — The  most  marked  cases 
are  those  reported  by  Lazainis  (60  per  cent  of  eosinophiles  in  urti- 
caria widely  distributed),  Zappert  (33  per  cent,  or  4,800  eosino- 
philes per  cubic  millimetre  in  pemphigus)^  and  by  Canon  (17  per 
cent  in  prurigo  and  psoriasis).  In  dermatitis  herpetiformis  high 
eosinophile  counts  are  reported  by  Leredde  and  Perrin,  by  Brown, 
and  by  myself  (see  page  oD5). 

3.  Helminthiasis, — Trichinosis  and  uncinariasis  are  the  mem- 
bers of  this  group  which  have  been  most  thoroughly  studied,  and  in 
both  of  them  eosinophilia  is  marked  and  constant  (see  pages  41)0 
and  497),  but  of  late  evidence  is  fast  gathering  to  show  that  filaria- 
sis,  Bilharzia  disease,  hydatid  disease,  and  others,  due  to  animal 
parasites,  are  likewise  associated  with  eosinophilia. 

Bucklers,  working  under  Leichtenstern,  has  established  the  in- 
teresting fact  that  "  all  varieties  of  helniinthides,  from  the  harmless 
oxyurides  to  tlie  pernicious  ankylostoma,  may  bring  about  an  in- 
crease of  eosinophiles  in  the  blood,  often  to  an  enormous  extent." 
Bucklers  reports  16  per  cent  of  eosinophiles  in  oxyurides,  and  19 
per  cent  in  ascarides,  and  Leichtenstern  has  quite  recently  found  72 
per  cent  of  eosinophiles  in  ankylostomiasis,  and  34  per  cent  in  a 
case  of  taenia  mediocanellata  (Ehrlich  and  Lazainis,  page  103). 

4.  Post' Febrile, — At  the  height  of  most  acute  infectious  fevers 
(except  scarlet  fever  and  sometimes  rheumatic  fever)  the  eosino- 
philes are  greatly  diminished  or  absent.  In  the  post- febrile  period, 
however,  abnormally  high  percentages  of  eosinophiles  are  often 
found. 
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TUi'fk  found  5.67  per  cent  (430  alwolute)  after  pneumonia;  13.8 
and  9.37  pee  cent  (970  absolute)  after  iliemnarism.  Zapi>eit  found 
20.34  (1,486  absolute)  after  malaria;  26.9  per  cent  (3,220  absolute) 
after  tuberculin  i-eactiou  fever.  Grawitz  found  90  per  cent  { 1) 
(41,000  absolute)  after  tuberculin  reaction  fever  (see  page  292). 

5.  Maliffnant  TVmors.— Various  authors  (Weiss,  Paluia,  Rieder) 
have  observed  a  slight  eosinopldlia  in  connection  with  the  cachexia 
of  malignant  disease.  It  is,  liotrever,  of  modeiate  degree  and  sel- 
dom exceeds  seven  to  ten  per  cent. 

In  Reinbach's  study  of  40  cases  there  were  4  with  eosinophilia 
as  follows:  Sarcoma  of  the  forearm,  eosinophiles  7.8  per  cent; 
sarcoma  of  the  femur,  eosinophiles  8.4  per  cent;  malignant  tumor 
of  the  abdomen,  eosinophiles  11.6  per  cent;  Ij'mphoaarcoma  of 
neck  with  ulcerative  endocarditis  and  metastases  in  the  bone  mar- 
row, eosinophiles  48  per  cent  (60,000  absolute)  (see  pp.  457-458). 

Among  my  cases  there  is  one  of  generalized  sarcoma  with  eosino- 
philes 12.4  per  cent  (2,108  absolute),  Zappert  quotes  a  case  of 
lyinphosai-coma  with  17.7  per  cent  (2,077  absolute)  and  2  cases  of 
cancer  (uterus  and  stomach)  with  11  percent  (860  absolute)  and 
8.5  per  cent  (636  al>8olute). 

6.  CompensatoFij  Eosinophilia, — Elirlich'a  researches  appear  to 
show  that  when  the  function  of  the  spleen  is  abolished,  either  by 
splenectomy  or  by  disease,  a  late  compensatory  eosinophilia  occurs. 

7.  MudictTtal  EoshiojihUin. — After  the  administration  of  cam- 
phor, V,  Xoorden  observed  an  eosinophilia  of  9  per  cent  in  2  clilo- 
rutic  girls.  Phosphorus  poisoning  is  also  said  to  cause  eosinophilia, . 
and  Taylor  refers  to  nnclein  and  jiilocarpine  as  possessed  of  similar 
properties. 

8.  Mt/eloffunoiis  Leukxmia  (see  jiage  164). 

9.  Eimriopkilia  in  ffteiiidtutiia,  Heworrhaffie  Exudationt,  and 
i*uiy«ra.— Klein  (Centralbl.  f.    inn.   MtiL,   January  28th,    1899) 
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reports  two  cases  of  hemorrhagic  pleural  exudation  with  a  very 
large  number  of  eosinophiles  (74  to  76  per  cent)  in  the  exudate  and 
a  marked  increase  of  circulating  eosinophiles : 

Perhaps  of  a  similar  type  is  the  eosinophilia  exemplified  in  the 
following  report  from  a  case  of  simple  purpura  in  a  girl  of  eight : 
White  cells,  18,000;  eosinophiles,  17.6  per  cent;  polynuclears,  44 
per  cent;  lymphocytes,  39  per  cent. 

10.  Eosiiiophilia  in  Benign  Ovarian  Disease. 

Neusser,  in  1892,  stated  the  eosinophiles  are  increased  in  dis- 
eases of  the  female  genitals.  Kopp  (Dissert.,  Wttrzburg,  1894) 
could  find  but  five  out  of  sixteen  cases  of  ovarian  tumors  showing 
eosinophilia,  but  Voswinkel  {Monatachr.  f.  Gehurtsh.  u,  GynakoL, 
1898,  p.  413)  has  carefully  studied  126  cases  of  pelvic  disease  with 
the  following  results : 

I.  Diseases  of  the  Fallopian  tubes,  endometritis,  and  myoma 
uteri  (31  cases)  show  a  normal  percentage  of  eosinophiles  and  no 
myelocytes. 

11.  All  severe  ovarian  diseases  (excepting  in  febrile  stages  and 
excepting  also  cancer  of  the  ovary)  are  associated  ivith  eosinophilia 
and  an  increased  percentage  of  poly  nuclear  cells  (40  cases).  Even 
if  the  ovary  is  mostly  destroyed  eosinophilia  is  usually  present  (10 
out  of  18  cases). 

III.  In  cancer  of  the  uterus  the  eosinophiles  may  be  normal, 
increased,  or  diminished  (19  cases). 

Diminution  in  Eosinophiles. 

1.  During  severe  muscular  exertion. 

2.  After  castration  (Neusser). 

3.  In  febrile  stages  of  pneumonia,  grippe,  typhoid,  diphtheria, 
sej)sis,  and  most  infectious  diseases  accompanied  by  leucocytosis. 
That  this  is  not  due  simply  to  the  presence  of  fever  is  shown  by 
the  fiiot  that  in  malaria  and  scarlet  fever,  despite  high  fever,  eosin- 
ophiles may  be  increased. 

4.  In  the  moribund  state  eosinophiles  are  diminished  or  absent. 

5.  Malignant  disease,  hemorrhage,  and  most  of  the  other  causes 
of  leucocytosis  also  diminish  the  eosinophiles. 
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Diagnostic  and  Prognostic  Value  of  Eosinophilia. 

In  trichiniasis  eosinophilia  is  of  great  diagnostic  value. 
Neusser  has  suggested  the  following  points :  * 

1.  In  the  diagnosis  between  puerperal  mania  and  puerperal  sep- 
sis, eosinophilia  points  to  the  former. 

2.  Between  a  tumor  connected  with  the  genital  system  and  one 
not  so  connected,  eosinophilia  points  to  the  former. 

3.  In  determining  whether  a  given  case  of  hysteria,  neurosis, 
or  psychosis  is  likely  to  be  benefited  by  castration,  the  presence  of 
eosinophilia  favors  the  operation. 

4.  In  malignant  disease  an  eosinophilia  points  to  a  metastasis 
in  the  osseous  system  (tumors  of  the  spleen  are  not  included  in  this 
rule). 

6.  In  cases  of  doubtful  syphilis  eosinophilia  combined  with 
lymphocytosis  (see  above)  speaks  in  favor  of  syphilis.  , 

6.  The  diagnosis  of  any  obscure  form  of  "  uric-acid  diathesis  " 
is  helped  by  finding  an  increase  of  eosinophiles. 

7.  In  distinguishing  malignant  liver  disease  from  other  liver 
disease  eosinophilia  points  to  the  latter. 

8.  In  the  prognosis  of  chlorosis,  eosinophilia  is  favorable. 

9.  In  the  prognosis  of  scarlet  fever  and  scarlatinal  nephritis 
the  greater  the  eosinophilia  the  better  the  prognosis. 

10.  After  hemorrhage  increased  eosinophiles  show  active  regen- 
eration of  blood  and  good  prognosis. 

11.  In  pernicious  anaemia  eosinophilia  is  favorable  for  the  same 
reason. 

MY^ELOCYTES. 

The  occurrence  of  the  myelocyte  of  Ehrlich  in  the  circulating 
blood  is  almost  always  to  be  looked  upon  as  pathological,  that  is, 
as  the  intrusion  of  a  variety  of  leucocyte  naturally  a  stranger  to  the 
circulating  blood  and  a  permanent  inhabitant  of  the  marrow. 
Among  hundreds  of  specimens  from  healthy  persons  I  have  seen 
but  one  typical  myelocyte. 

1.  The  largest  number  of  circulating  myelocytes  occurs  in 
myelogenous  leukaemia  (see  page  161). 

2.  In  all  conditions  associated  with  stimulation  of  the  bone 
marrow — that  is,  in  all  diseases  accompanied  by  well-marked  leu- 

*  For  none  of  which  I  can  vouch. 
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cocytosis  or  by  severe  auaemia  of  any  type — myelocytes  in  small 
numbers  may  frequently  be  found.  Thus  I  have  found,  them  in 
most  eases  of  pernicious  anaemia  and  of  malignant  disease  with 
leucocytosis.  TUrck  finds  them  in  most  acute  infections,  even  in 
typhoid  with  subnormal  leucocyte  count.  Engel  has  noted  their 
frequent  presence  in  diphtheria,  while  Neusser '  has  noted  them  in 
various  toxic  conditions  such  as  puerperal  mania,  osteomalacia, 
uraemia,  carbonic-acid  poisoning,  Basedow's  disease,  diabetic  coma. 
Others  have  recorded  their  occurrence  in  rickets,  syphilis,  phthisis, 
general  paralysis,  etc. 

The  common  elements  in  these  various  diseases  are  anaemia  and 
leucocytosis.  In  fact,  I  do  not  know  of  any  of  tlie  very  numerous 
diseases  and  conditions  associated  with  leucocytosis  in  which  myelo- 
cytes have  not  been  found.  Accordingly  it  seems  to  me  reasonable 
to  class  them  as  signifying  a  marrow  stimulation,  and  as  much  akin 
to  Tttrck's  "stimulation  forms"  (see  page  103). 

As  a  rule  I  think  the  presence  of  myelocytes  indicates  an  accel- 
eration of  those  marrow  functions  by  which  granular  leucocytes 
are  furnished  to  the  blood.  Such  an  acceleration  may  be  supposed 
to  take  place  in  leucocytosis,  leukaemia,  and  severe  anaemia,  which 
are  the  chief  conditions  in  which  myelocytes  appear  in  the  blood. 

MAST  CELLS. 

1.  Many  of  the  same  causes  which  increase  eosinophils  {e,g,y 
animal  parasites,  skin  diseases)  also  increase  the  mast  cells  slightly. 

2.  A.  E.  Taylor  (Contrib.  of  Pepper  Labor.,  Phil.,  1900,  p.  148) 
has  noted  an  increase  in  one  case  of  carcinoma,  one  of  gonorrhoea, 
one  of  mycosis  fungoides,  and  two  of  septic  bone  disease. 

8.  The  most  constant  and  extensive  increase  of  mast  cells  is 
found  in  myelogenous  or  mixed-cell  leukaemia. 

4.  Osier  records  five  to  six  per  cent  in  a  case  of  "splenic 
autemia."  In  one  of  my  cases  they  numbered  four  per  cent  (632 
per  oubic  niilliinetre). 

5.  Zollikoifer  (Dissert.,  Berne,  1899)  has  noted  increase  of 
mast  cells  in  hysteria,  in  sciatica,  and  in  articular  rheumatism  with- 
out fever.     No  counts  are  given. 

G.  Bigart  {La  Sem.  Med.,  December  31st,  1902)  reports  20.6  per 
cent  of  mast  cells  in  a  case  of  Hanot^s  cirrhosis. 

^ Cited  m  Klein:  Volkmauu's  **Samml.  klin.  Vortrftge,"  December,  1893. 
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CHAPTER   IX. 

OENEKAL  PATHOLOGY  OF  THE  BLOOD  AS    REGARDS    HjEM<J- 

GLOBIN.   FiBKIN,    LIP.EMIA.    MELAN^EMIA,    AND 

HEMORHHAGE. 

H.EMOQLOBIN. 

As  stated  above,  the  hfemoglobin  may  increase  and  diminish  in 
lines  pai-allel  to  those  of  the  red  cells.  In  that  case  we  suppose  the 
amount  of  hsemogloliiii  p«r  corpuscle  to  be  normal  and  the  color  index 
orvalfurglobulaire  is  ^a.id  to  =  1.  When  the  hEemoglobin  Is  diinin- 
iHhe<l  more  than  the  count  of  corpuscles,  we  may  say  that  the  color 
index  is  less  tlian  1.  For  example,  if  a  niau  has  6,000,000  red  cells 
per  cubic  millimetre  and  only  60  per  cent  of  hEemoglobin,  we  esti- 
mate the  color  index  by  simply  reducing  the  count  of  cells  to  a 
stated  percentage  (5,000,000  cells  =  100  per  cent  of  cells)  and 
dividing  this  percentage  into  the  liEcmoglobiii  percenta^re — i.e.,  -|^ 
=  0.5  =  the  color  index.  Therefore  4,000,000  red  cells  (=  80  per 
cent)  with  GO  per  cent  of  hEemoglobin  give  a  color  index  of  J}  = 
0.075. 

The  color  index  rarely  goes  above  1,  except  in  pernicious  aniemia 
(see  below).  Here  it  may  be  as  high  as  1.7.  As  a  rule,  when  the 
red  cells  are  above  the  normal,  the  liEemoglobin  rises  equally,  sonie* 
timea  it  lags  behind  a  little,  but  rarely  if  ever  does  it  rise  higher 
than  the  cells. 

In  most  aneemiaii,  as  has  been  pointed  out,  the  haemoglobin 
suffers  markedly  before  any  considerable  loss  of  red  cells  takes 
place.  In  other  words,  the  corpuscles  seem  to  get  thin  before  tjiey 
die,  and  exoept  in  malaria,  hemorrhagt^,  and  a  few  other  cases  they 
are  not  destroyed  while  in  the  full  vigor  of  health.' 

The  loss  of  hsemoglobiii  is  loss  of  albumin,  the  chief  constituent 
■if  the  cells,  and  hence  is  usually  loss  of  weight. 

In  general  the  changes  in  the  haemoglobin  are  best  studied  IQ 

'  This  is  of  course  not  litersL  There  la  no  reason  to  suppose  that  good- 
«txe<l  corpuscles  get  smaller.  It  Is  more  likely  tliat  a  smuller  geDeratloQ  is 
sent  oui  by  tht^  blooftninkinj;  organs. 
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connection  with  changes  in  the  count  of  red  cells,  and  so  far  as  they 
have  not  already  been  mentioned  will  come  in  under  the  various 
special  diseases. 

Fibrin. 

The  hbrin  network  to  be  seen  in  normal  blood  during  coagula- 
tion (see  page  52)  is  increased  in  a  considerable  number  of  condi- 
tions. Hayem  has  studied  these  minutely,  and  described  several 
varieties  of  arrangement  of  iibrin  fibres  as  characteristic  of  special 
diseases,  that  is,  studied  fibrin  qualitatively  as  well  sla  quantita- 
tively, and  also  as  regards  the  rapidity  of  its  formation. 

The  rate  of  fibrin  formation  is  often  not  the  same  as  the  rate 
of  coagulation.  It  is  not  parallel  to  the  number  of  leucocytes 
or  blood  plates,  at  least  not  in  all  cases  (malignant  diseases, 
scurvy). 

In  a  general  way  we  expect  increased  fibrin  in  infectious  and  in- 
flammatory diseases,  but  there  are  notable  exceptions  to  this.  The 
greater  the  exudation  and  the  freer  it  is  (in  a  cavity  or  on  the  sur- 
face) the  thicker  the  fibrin  network,  while  so-called  interstitial  in- 
flammations or  such  conditions  as  parenchymatous  nephritis  show 
little  increase  in  fibrin.  Tlie  seat  of  the  lesions  has  no  consider- 
able influence,  except  as  it  modifies  the  nature  of  the  lesion.  An 
abscess  in  one  place  has  the  same  effect  as  an  abscess  elsewhere, 
provided  it  is  equally  free  or  equally  confined,  and  of  the  same 
contents. 

Tuberculosis  does  not  increase  fibrin  if  uncomplicated.  Leu- 
cocytosis  and  fibrin  beliave  alike  in  many  respects,  especially  in 
relation  to  the  vigor  of  resistance  which  the  individual  opposes  to  a 
given  infection.  When  the  individual  is  so  weakened  that  he  di>es 
not  react  well  against  the  infection,  the  leucocytt»s  and  fibrin  are 
but  slightly  inirreused,  whereas  in  a  vigorous  individual  the  same 
infection  would  have  markedly  increased  both  fibrin  and  leucocytes. 
But  neoplasms  raise  the  count  of  leucocytes  without  changing  the 
amount  of  Iibrin. 

In  a  general  way  fibrin  increases  and  decreases  as  fever  does, 
but  often  persists  after  fever  is  gone. 

The  most  marked  fibrin  networks  are  seen  in  pneumonia,  acute 
articular  rheumatism,  suppurative  diseases,  and  in  scurvy.  In 
erysii)elas  it  follows  the  leucocytes  (increased  in  severe,  not  in  mild 
cases).      In  the  early  days  of  grippe  it  is  increased. 
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The  fever  of  hysteria  or  chlorosis  shows  no  increase  of  fibrin, 
and  post-hemorrhagic  anaemia  with  or  without  fever  shows  none. 

Fibrin  is  diminished  in  pernicious  anaemia,  not  increased  in  leu- 
kaemia, typhoid,  malaria,  malignant  disease,  non-suppurative  dis- 
eases of  liver,  nephritis  (except  interstitial  nephritis,  in  which  it 
may  be  increased),  heart  disease,  purpura,  haemoglobinuria  (some- 
times decreased). 

The  most  valuable  point  about  the  fibrin  appears  to  be  the  ab- 
sence of  any  increase  in  malignant  disease  whereby  a  diagnosis 
between  the  affection  and  a  suppuration  may  be  helped.  Otherwise 
the  information  given  by  it  is  chiefly  confirmatory  of  impressions 
given  by  other  features  in  blood  examination. 

LlP.«MIA. 

The  blood  invariably  contains  small  quantities  of  fat,  especially 
during  digestion  (v.  Jaksch  *). 

In  the  blood  of  persons  suffering  from  a  variety  of  diseases  such 
as  phthisis,  diabetes  mellitus,  obesity,  alcoholism,  nephritis,  and  in 
some  dyspnceic  conditions,  suppressed  menses,  pregnancy,  icterus, 
typhus,  malaria,  mental  disease,  diseases  of  the  heart  and  pancreas, 
as  well  as  in  health,  fat  is  occasionally  to  be  seen  in  considerable 
quantities.  Grawitz '  finds  that  if  the  blood  is  collected  in  a  fine 
capillary  tube,  and  this  is  kept  in  a  horizontal  position  for  some 
time,  fat  rises  to  the  surface  like  cream,  and  can  be  seen  with  an 
oil-immersion  lens  in  the  form  of  fine  drops.  Gumprecht '  demon- 
strated it  with  osmic  acid,  which  stains  the  fat  drops  black,  and 
proved  them  to  be  fat  by  dissolving  them  in  ether,  xylol,  etc. 

Lipaemia  has  no  special  significance  so  far  as  is  known,  and  is 
not  characteristic  of  the  diseases  above  mentioned.  Its  cause  is 
unknown. 

[In  almost  any  preparation  of  the  fresh  blood  fat  drops  are  to 
be  seen  unless  the  patient's  skin  is  washed  with  alcohol  before 
puncturing.  Even  with  these  precautions  a  few  drops  may  often 
be  seen  in  healthy  people's  blood.] 

» •*Klin.  Diagnostik,"  p.  76  (English  translation). 

^  Loe.  eii.,  p.  160. 

•Dcut.  med.  Woeh.,  1894,  No.  39. 
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MELAXi£MIA. 

In  malaria  the  occurrence  of  a  black  pigment  in  the  leucocytes 
which  have  taken  plasmodia  into  themselves  is  generally  to  be  seen 
during  and  shortly  after  a  paroxysm.  Pigment  free  in  the  blood  is 
to  be  seen  only  at  the  moment  of  segmentation  among  the  new  gen- 
eration of  parasites.  The  same  condition  has  been  observed  in 
relapsing  fever  and  in  persons  suffering  from  melanotic  malignant 
tumors,  the  pigment  being  always  in  the  white  corpuscles.  Pre- 
sumably it  must  at  some  time  be  free  in  the  plasma,  but  it  is  rarely 
if  ever  seen  outside  the  cells. 

In  Addison's  disease  Tschirkoff  *  observed  pigment  in  the  leu- 
cocytes. 

Hrmokrhage. 

Women  can  stand  a  greater  hemorrhage  than  men.  Children, 
on  the  other  hand,  succumb  to  comparatively  slight  hemorrhages 
(c/.  Blood  in  Infancy,  page  510).  Individual  differences  make  a 
great  difference  in  the  ability  to  survive  hemorrhage,  and  no  exact 
amount  of  blood  can  be  stated  as  the  maximum  that  any  one  can 
lose  and  yet  survive. 

Chnntjes  in  the  Blood  Result uiy  from  Hemorrhage. 

The  red  cells  and  haemoglobin  of  course  suffer  proportionately  at 
first;  later  the  hsemoglobin  in  the  newly  formed  cells  is  always 
deficient  (see  below). 

The  striking  point  in  the  blood  after  hemorrhage  is  the  evidence 
it  gives  us  tliat  even  before  the  hemorrhage  has  ceased  the  other 
tissues  begin  to  contribute  fluid  to  make  up  the  volume  upon  which 
life  dej)ends.  The  serum  is  markedly  diluted  by  this  fluid,  but 
still  serves  to  give  the  heart  something  to  contract  on  and  so  pre- 
vents blood  pressure  from  falling  as  fast  as  it  otherwise  would  do. 
Were  it  not  for  such  contributions  from  neighboring  tissues  the 
organism  could  sustain  but  slight  hemorrhage  without  succumbing 
at  once.  We  have  then  after  hemorrhage  a  diluted  or  hydraemic 
blood,  even  though  we  do  not  assist  the  efforts  of  nature  by  con- 
tributing fluid  by  intravenous  or  rectal  injection.     Dock  •  reports  a 

'Zeit.  f.  kliu.  Med.,  vol.  xix..  1891. 

*  Dock:  Trans,  of  Association  of  American  Phys.,  1899,  p.  180. 
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case  due  to  epistaxis  in  which  the  count  fell  to  337,600  per  cubic 
millimetre      The  counts  in  thia  eaae  were  as  follows: 


Dab>. 

f 

1 

i 

i 

i 

£ 
/nil 

k 

1 

1 

1 

1 

X 

1 

t 

RemsTki. 

i,mooo 

13.300 

fl.i 

tl  4 

a 

O.ft 

AH 

fim 

-    IS..... 

....  60.1 

!J 

BT.! 

8.8 

a.o 

DUl   or    509 
etjOtttbluu. 

"  n 

All  the  cover-glass  films  showed  a  few  red  cells  in  mitosis. 
There  is  here  an  absolute  increase  of  all  varieties  of  leucocytes, 
with  a  high  color  index  and  enormous  numbers  of  nucleated  red  cells. 

Coagulation  increases  in  rapidity  the  more  blood  ia  lost,  so  that 
after  severe  hemorrhage  it  takes  place  almost  instantly.  This  is 
probably  due  to  the  great  increase  in  the  blood  plates  which  most 
observers  have  noted  after  hemorrliage. 


Blood    Regemebation. 

The  regeneration  of  the  blood  after  hemorrhage  may  be  taken  as 
typical  of  the  same  process  iii  aneemia  from  other  causes. 

The  length  of  time  needed  for  full  restoration  to  normal  depends 
not  merely  on  the  (a)  umonnt  of  blood  lost,  but  also  on  the  (b)  age 
and  nutrition  of  the  patient  as  well  as  upon  (c)  the  methods  of 
trea/m«R<  carried  out  and  the  existence  of  (d)  other  disease  (typhoid, 
malignant  disease,  phthisis,  etc.). 

Allowing  for  these  other  conditions  we  may  say  that,  other 
things  being  favorable,  the  toss  of: 

I.  Lew  tbtiD  I  per  cent  of  ihe  blood  mass  is  miMle  up  Id    2  lo   Q  Atiys. 
II.  PromltoS        -  "  "  -  -         ''6''14-' 

III.      -     8  -  4       -  "  -  -  -         -      U  -  80     " 

The  last  amount  means  a  very  severe  hemorrhi^e.  Few  surgi- 
cal operations  involve  the  loss  of  over  three  per  cent,  and  after  such 
accordingly  we  expect  the  blood  to  be  normal  again  in  two  weeks, 
provided  the  individual  is  otherwise  sound  (see  Malignant  Disease, 
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page  425).     Grawitz  records  a  gain  of  2,000|000  red  cells  in  two 
weeks  after  a  gastric  hemorrhage  (ulcer). 

Young,  well-nourished  persons  are  of  course  quicker  in  making 
up  losses  than  the  old  and  weak. 

Blood  Condition  During  Regeneration. 

1.  Red  Cells, — (A)  As  previously  mentioned,  the  haemoglobin 
becomes  relatively  low  as  soon  as  the  regenerative  process  is  well 
established,  and  as  recovery  progresses  the  red  cells  are  almost 
always  normal  in  numbers  for  some  time  before  the  stature,  weight, 
and  color  of  the  individual  cells  is  what  it  should  be.  A  color 
index  of  0.60-0.60  is  not  unusual — in  short,  what  some  call  a 
^'chlorotic  "  condition  of  the  blood. 

(B)  Qualitative  changes  are  those  already  described  on  page  78, 
namely :  (a)  Deformation  in  size  and  shape  with  an  average  diminu- 
tion in  size;  {b)  poly chromatophi lie  cells;  and  (c)  nucleated  cor- 
puscles. These  latter  are  almost  exclusively  of  the  normoblast  type, 
but  an  occasional  megaloblast  has  been  observed. 

Blood  Crisis,  — Von  Noorden  was  the  first  to  notice  that  in  some 
cases  nucleated  corpuscles  are  to  be  found  in  the  circulation  in  great 
numbers  for  a  few  hours  only,  the  blood  examination  both  before  and 
after  showing  few  or  none  at  all.  The  name  of  "  blood  crisis  "  has 
been  given  to  these  sudden  outpourings  of  nucleated  red  cells;  they 
are  to  be  observed  during  recovery  from  various  forms  of  anaemia. 

2.  White  Cells. — Immediately  after  a  loss  of  blood  we  can  usu- 

ft. 

ally  find  a  decided  lenconjtosis  despite  the  dilution  of  the  blood  (see 
above,  Post-hemorrhagic  Leucocytosis). 

This  leucocytosis  may  not  differ  from  those  occurring  from 
other  causes.  The  percentage  of  polymorphonuclear  cells  is  usually 
increased,  and  the  eosinophiles  often  disappear  or,  as  in  Dock's 
case,  just  referred  to,  all  varieties  of  leucocytes  may  be  increased, 
or,  again,  as  pointed  out  by  Stengel,  we  may  have  a  lymphocytosis 
after  hemorrhage,  either  from  the  start  or  following  a  polynuclear 
leucocytosis.  In  his  ease  the  percentages  were :  Polynuclears,  43.5; 
lymphocytes,  43.5;  transitionals,  10;  eosinophiles,  2.8.  A  ease  of 
anaemia  from  bleeding  piles,  in  which  the  red  cells  were  2,723,000 
and  the  lia?nioglobin  35  per  cent,  showed  in  a  total  leucocyte  count 
of  4,200,  09  per  cent  of  small  lymphocytes  and  only  28  per  cent  of 
polymorphonuclear  cells.  Leucocytosis,  if  present,  is  rarely  very 
\\\^\\,  seldom   reaching  over  30,000.     It  is  not  invariably  present, 
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or,  if  present,  sometimes  is  of  very  short  duration.  Thus  in  a  pa- 
tient whose  red  cells  were  reduced  to  3,200,000  by  a  profuse  uterine 
hemorrhage  the  white  cells  counted  next  day  were  only  8,000; 
while  in  the  next  bed  of  the  hospital  was  a  woman  cinished  in  a 
railroad  accident  whose  red  cells  were  1,280,000,  and  the  white 
cells  28,000,  the  usual  state  of  things. 

The  leucocytes  may  be  increased  even  by  a  cerebral  hemorrhage 
which  is  not  large  enough  considerably  to  affect  the  red  cells  in 
most  cases.  Obviously  some  other  influence  is  at  work  in  these 
cases  (see  page  385). 

The  effect  of  transfusion  (intravenous  saline  solution)  is  appar- 
ently at  first  to  increase  the  leucocytosis. 

D ,  a  patient  with  traumatic  rupture  of  the  urethra,  had  had 

severe  hemorrhage  for  forty-eight  hours  before  it  was  checked  at 
1  P.M.,  November  1st,  1895.  At  4  p.m.,  his  pulse  being  166,  the 
count  showed  red  cells,  3,304,000;  white  cells,  10,400.  He  was 
at  once  given  a  pint  of  sterilized  normal  salt  solution  by  intravenous 
injection  under  the  strictest  asepsis.  Ten  minutes  after  the  trans- 
fusion the  leucocytes  numbered  32,400.  One  hour  later  they  were 
2i,700,  and  the  red  cells  3,632,000.  Four  hours  later,  leucocytes, 
31,900;  red  cells,  3,046,000.     The  later  counts  were  as  follows : 

Red  Cells.  White  Cells. 

November   2d:  good  pulse 8,608,000  84,600 

2d  (5  P.M.):  good  pulse 2,944,000  80,200 

3d  (4  P.M.):  good  pulse 2,928,000  15,800 

13th 8,360,000  16,600 


u 
u 
u 


A  good  recovery  was  made. 

Chronic  Hemorrhage. 

Piles,  uterine  disease,  haemophilia,  purpura,  and  other  causes 
may  produce  a  long-standing  drain  on  the  blood. 

Some  patients  apparently  can  lose  a  little  blood  almost  daily  for 
years  without  acquiring  any  severe  anaemia,  and  if  the  individual 
is  otherwise  sound  and  does  not  suffer  from  an  underlying  disease 
like  phthisis,  cancer,  or  nephritis,  he  can  probably  go  on  for  a  long 
time  without  showing  any  bad  effects  from  the  repeated  small  hem- 
orrhages. How  much  he  can  stand  we  have  no  way  of  judging,  for 
we  cannot  measure  the  amount  of  blood  lost.  When,  however, 
such  small  repeated  losses  do  produce  an  anaemia,  regeneration  is 
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apt  to  be  much  slower  than  after  a  single  large  hemorrhage.  The 
longer  the  drain  has  been  going  on  the  poorer  the  chance  for  recov- 
ery,  and  the  slower  the  latter  will  be  if  it  does  take  place. 

Gain  in  body  weight  does  not  always  mean  gain  in  corpuscle 
substance  as  well  (see  Malignant  Disease,  page  425). 


BOOK  II. 


SPECIAL  PATHOLOGY  OF  THE  BLOOD. 


PART  I. 


CHAPTER   I. 

THE  PRIMARY  AN:^MIA8. 
I.  THE  BLOOD  IN  PERNICIOUS  ANAEMIA. 

1.  Volume  and  Oxygen  Capacity, — J.  Lorrain  Smith,  studying 
the  blood  of  seven  cases  by  the  carbonic-oxide  method,  concludes 
that  "absolute  loss  of  oxygen  capacity  (=  haemoglobin),  which  in 
chlorosis  practically  does  not  occur,  is  here  of  primary  importance. 
Whereas,  in  chlorosis,  the  oxygen  capacity  is  96  per  cent  of  the 
normal,  here  it  averages  48  per  cent,  and  in  one  case  was  but  28 
per  cent." 

The  volume  of  blood  is  sometimes  markedly  increased,  some- 
times normal,  sometimes  diminished.  Patients  with  a  large  volume 
of  blood  seem  to  feel  worse  than  those  with  normal  volume,  even 
when  the  haemoglobin  percentage  and  count  of  corpuscles  are  ap- 
proximately the  same.  In  the  remissions  of  the  disease  the  vol- 
ume may  be  rapidly  reduced.  So,  for  example,  4,306  c.c.  with 
1,100,000  red  cells  per  cubic  millimetre  and  later  (in  remission) 
2,775  c.c.  with  3,104,000  red  cells  per  cubic  millimetre. 

2.  Gross  Appearances. 

(a)  The  drop  as  it  emerges  from  the  puncture  is  often  exces- 
sively pale  and  watery,  but  not  more  so  than  may  occasionally  be 
seen  in  secondary  anaemia  or  chlorosis.  Sometimes  it  is  not  nearly 
so  pale  as  in  other  cases  witli  equally  low  counts,  a  fact  which  may 
be  due  to  the  increased  color  index  sometimes  present  (see  below). 

In  several  early  cases  I  have  seen  the  blood  as  red  as  normal. 

Another  appearance,  which  I  have  frequently  observed  in  this 
and  other  anaemias,  is  an  uneven,  streaked  color  in  the  drop,  as  if 
the  cells  were  unequally  divided  in  the  plasma. 

{b)  As  striking  as  the  color  of  the  drop  is  its  great  fluidity;  the 
rapidity  with  which  it  slips  off  the  ear  or  finger  of  ten  makes  it  diifi- 
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oult  to  suck  it  up  ill  time.  It  is  usuallj  very  slow  in  cnagulatliig. 
Wlieu  drawu  tbe  blood  does  not  separate  iuto  serum  and  dot,  t'ven 
after  the  lapse  of  seventy-two  liours  (Lenoble). 

(c)  The  fresh  specimen  In  most  e:\ses  shows  no  rouleaux  forma- 
tion, ami  ;i  marked  diminution  in  liluud  plates  and  fibrin.  Hayeni 
aays:  "This  double  lesion,  rarity  of  blood  plates  and  loss  of  retrac- 
tility on  the  part  of  the  clot,  is,  according  to  my  latest  observations 
(1900),  iiinmott  characteristic  sign  of  this  form  of  primary  nn^tnia." 
I  have  no  expeneuce  on  this  point. 

There  are  usually  great  variations  ill  the  Blze  and  shape  of  the 
corpuscles  with  a  t«ndency  to  an  oval  shape  and  an  increase  ill  the 
average  diameter.  Not  infrequently  the  deformed  corpuscle  shows 
active  iiseudo-amieboid  motions  of  its  projecting  points  or  of  the 
cell  as  a  whole.  The  great  lack  botli  of  red  and  white  cells  is  no- 
ticeable even  in  the  fresh  specimen. 

Jtf^il    €'■!//<  ami   limnoylnlnn. 

(a)  Quantitative  changes  (see  Table  I.).  The  average  count  of 
red  cells  in  the  one  hundred  and  ten  cases  of  my  table  is  about 
1,200,000,  which  may  be  taken  as  the  average  count  in  patients  seen 
at  the  stage  of  tbe  disease  at  which  they  feel  sick  enough  to  seek 
medical  advice,'  We  very  rarely  get  an  opportunity  to  examine 
the  blood  in  llie  early  stages  of  the  disease,  so  that  we  have  to 
judge  of  them  chiefly  from  the  evidence  given  during  tlie  remissioD 
Bo  commonly  observed.  In  the  relapse  following  such  a  remission 
the  blood  count  may  fall  from  5,000,000  to  1,000,000  in  a  period 
of  from  six  weeks  to  six  months.  In  the  later  stages  of  the  disease 
600,000  red  cells  per  cubic  millimetre  is  not  rare,  and  if  tlie  diminu- 
tion has  been  gradual,  the  patient  may  Im  up  and  about  and  able  to 
do  light  work  with  a  count  no  greater  than  this.  I  watched  such  a 
case  in  the  wards  of  Dr.  F.  C.  8hattuck  at  the  Massachusetts  Gen- 
eral Hospital  in  1892,  in  which  for  several  weeks  the  blood  count 
remained  at  or  near  600,000,  yet  the  patient  was  outdoors  daily, 
read  the  papers,  and  seemed  perfectly  comfortable.  Kvldently  it 
is  not  the  aneemia  itself  which  kills  the  patient 

The  lowest  counts  on  record  are  that  reported  by  Quincke — 
143,000   per   cubic   millimetre,    and    that   of    Hills'— 155,280 

'Cf  ScLaumann .  Out  of  liIs  38  cases.  1  was  over  2,000,000:  26  wcra  be 
tweeii  1,000,000  and  2.000.000    It  Ih.'1ow  1.000,000,  average  1.290,000. 
<  Hills    fioaton  Medical  and  Siirgiuil  Journal,  1698,  vol.  18B.  p  543 
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Quincke's  case  later  improved  so  much  tltat  the  corpuscles  rose  to 
1,234,000  withiu  seventy-four  days  of  the  count  of  143,000  She 
lived  several  months  "fat  and  well  nourished."  Hills' case  died 
in  a  few  days. 

Table  I. 
Pernicious  AnaDmia  (139  cases). 

a.  Red  cells  at  the  first  examiuatioii  ranged: 

From  500,000  to  1,000,000  in 86 

"      1.000.000  to  1,500,000  in 55 

**      1.500,000,000  to  2,000,000  in 89 

Total  cases  under  2.000,000 130 

From  2,000.000  to  2,500,000  in 9 

189 

b.  Leucocytes  numbered  (wlien  first  examined): 

Under  1,000 11 

1.000  to  8.000 29 

3,000  to  5,000 58 

5,000  to  7,000 28 

7,000  to  10,000 14 

10,000  to  18.000 4 

189 

e.  Hsmoglobin  (first  examination): 

Relatively  high  in 98 

Not  relatively  high  in 41 

189 

d.  Average  diameter  of  red  cells  at  time  of  final  examination: 

Increased  in 118 

Not  increased  in 21 

189 

e.  Megaloblasts  at  time  of  first  examination: 

Predominated  in.% 109 

Later  examination,  predominated  in 27 

Only  one  examination,  no  megaloblasts 3 

189 
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/.  Lymphocytes  averaged  between  20  per  cent  and  80  per  cent  in. .  41 

a                  a              "SO**            **40""..  41 

a                  u              **40**            "60""..  47 

u                  a              «<60"            "80**".  7 

a  a  «<80**  **90****..         8 

189 

g,  Eosinophiles  averaged : 

Under  4  per  cent 116 

Over  4  per  cent 15 

None  found 8 

189 

A.  Myelocytes.    Present  in  86  cases.    Higliest  percentages: 

10  per  cent  in 2 

9       **  "... 1 

8       "  " 2 

7       "  " 2 

7 

The  great  but  temporary  improvements  above  alluded  to,  fol- 
lowed by  relapse,  occur  either  with  or  without  treatment.  In  the 
course  of  a  few  months  the  count  of  red  cells  may  rise  to  normal, 
the  nucleated  corpuscles  (see  Charts)  disappear,  and  the  patient  is 
apparently  restored  to  health  and  goes  to  work  with  a  laugh  at  the 
doctor.  I  have  followed  one  case  through  five  such  relapses  in  a 
period  of  tliree  years  before  the  fatal  issue  came.  Frequently  the 
patient  feels  so  well  during  one  of  these  remissions  that  he  goes  to 
work  and  is  lost  sight  of,  and,  under  such  conditions,  the  incautious 
are  apt  to  report  "cure." 

The  accompanying  charts  ^  show  the  three  types  usually  met  with; 
No.  II.  being,  of  course,  only  a  fragment  of  a  case  similar  to  No.  I., 
while  the  steady  progression  of  No.  III.  may  have  been  preceded 
by  a  rise  from  a  former  downfall,  though  no  such  history  was 
obtained. 

Looking  over  a  considerable  number  of  cases,  one  can  hardly 
help  being  struck  with  the  tendency  of  the  count  to  remain  near 
the  figure  1,000,000.  The  red  cells  rarely  rejuain  stationary  at, 
say,  2,000,000,  and  often  death  may  occur  without  the  red  cells 
sinking  below  1,000,000.     It  seems  as  if  some  self -applying  mech- 

'  The  iiumt>er  of  perpendicular  lines  represents  the  number  of  weeks. 
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anism  tended  to  arrest  the  deefruction  of  corpuscles  at  or  uear  this 
point. 

In  counting  the  red  cells  some  difficulty  and  error  may  result 
from  the  very  small  size  of  some  of  the  cells.     It  is  espeoially  im- 
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portaut  that  the  diluting  solution  should  lie  clean  and  freshly  made, 
else  without  the  aid  of  a  staiu  it  may  be  hard  to  distinguish  the 
dwarf  cells  or  microcytes  fi'om  bits  of  extraneous  substance. 


White  Corputdes  (see  Table  I.).— The  rule  is  a  very  consider- 
able diminntion  in  the  number  of  leucocytes.  Thus  of  139  cases 
which  T  have  examined  103  were  under  5,000,  the  average  of  all 
being  about  3,800. 

[I  have  excluded  from  Uiis  series  counts  made  immediately 
after  hemorrhage  and  counts  in  infants.  The  latter  are  very  apt  to 
show  a  leucocytosis  in  connection  with  nni/  form  of  amBiiiia.] 
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As  the  disease  progresses  the  leucocytes  fall  even  more  rapidly 
thau  the  red  cells,  and  counts  as  low  as  500  white  cells  per  cubic 
millimetre  are  not  uncommon.^ 

Leucocytosis,  when  present  in  the  blood  of  adult  cases,  is  always 
due  to  some  complication  like  hemorrhage  or  suppuration. 

As  mentioned  above,  the  blood  plates  and  fibrin  are  much 
diminished. 

Tablb  II. — White  Cells. — Fibst  Exakination  in  Sixxt  Cases. 


No. 


1 
2 
8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 


White  cells. 


400 
500 
800 
1.000 
1,000 
1,000 
1,500 
1.000 
1.800 
2.000 
2,000 
2,000 
2.000 
2,000 
2,800 
2,600 
2,800 
2,800 
2.800 
2,800 


No. 


21 
22 
28 
24 
25 
26 
27 
28 
29 
30 
31 
82 
33 
84 
85 
86 
87 
88 
89 
40 


White  oellB. 


2,900 
8,000 
8,000 
8,200 
8,200 
8,800 
8.400 
8,500 
8,600 
8,700 
8,704 
4,000 
4,000 
4,000 
4,000 
4.200 
4,800 
4.400 
4.500 
4,720 


No. 


41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


White  cells. 


4.828 
4,900 
5.000 
5.200 
5.800 
5.500 
5,600 
6.000 
6.000 
6.000 
6.400 
6.500 
7,000 
7.200 
7,500 
7.600 
9.000 
9.600 
10.000 
10,100 

Average  =  3,800 + 


In  four  cases  in  which  Dr.  Lindstrom,  of  Boston,  was  kind 
enough  to  give  massage,  we  were  unable  to  see  the  slightest  gain 
either  in  corpuscles  or  haemoglobin,  such  as  can  he  produced  tempo- 
rarily in  most  healthy  persons.  The  observations  of  J.  Mitchell  on 
this  point  we  were  unable  to  confirm. 

Honmoglohin, 

The  great  majority  of  cases  of  pernicious  anaemia  have  a  rela- 
tively high  percentage  of  haemoglobin  {e^g.y  1,000,000  red  cells 
and  35  per  cent  of  haemoglobin,  or  a  color  index  of  1.75).  Ehrlich 
has  several  times  found  it  over  50  per  cent  even  in  the  severest 
cases,  and  once  as  high  as  ^6  per  cent. 

*  Da  Costa  (page  227)  states  that  in  rare  instances  the  leucocytes  "appear 
to  be  entirely  absent,  none  being  found  after  prolonged  search  through  the 
counting  chamber  and  in  the  stained  films  "  (!?). 
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This  high  color  index  is  not,  however,  peculiar  to  this  disease. 
It  has  been  noted  in  acute  leukaemia,  in  "  splenic  ansemia  "  (McCrae), 
in  malaria,  in  haBUiolysis  from  acetanilid,  and  in  leprosy. 

Of  the  139  cases  in  the  series  on  page  125,  in  wliich  the  haemo- 
globin was  tested,  a  color  index  of  over  1  was  apparently  present  in 
98,  or  71  per  cent,  and  a  color  index  of  less  than  1  in  41,  or  29  per 
cent,  of  the  cases.  How  many  of  these  haemoglobin  estimations 
may  have  been  wrong  I  cannot  say. 

From  the  frequency  with  which  we  find  the  corpuscles  well 
stained  and  larger  than  normal  in  pernicious  anaemia  (see  below), 
we  should  expect  that  the  haemoglobin  would  be  relatively  high, 
and  in  a  larger  percentage  of  cases  than  the  v.  Fleischl  instrument 
indicated. 

An  increased  color  index  is  probably  a  bad  prognostic  sign.  In 
the  remissions  of  the  disease,  when  the  cells  are  increasing  fast,  the 
haemoglobin  lags  behind  and  the  color  index  is  low.  As  the  relapse 
follows,  the  color  index  in  many  cases  progressively  increases. 
Cases  whose  color  index  is  low  and  in  which  the  average  diameter  of 
the  red  cells  is  normal  are  apt  to  he  gaiiiing  at  that  time,  while  those 
with  high  color  index  are  apt  to  be  losing  at  that  time. 

The  average  color  index  in  the  cases  in  which  haemoglobin  and 
red  cells  were  botli  tested  was  1.04,  the  average  percentage  of 
haemoglobin  being  26  and  of  corpuscles  24  (=  1,200,000). 

Qualitative  Changes. 

1.   Red  Corpuscles. 

We  must  distinguisli  here  between 

I.  The  active  stages  of  the  disease  and 

II.  The  remissions. 

In  tlie  active  stages  we  find : 

(a)  Increase  in  the  acerage  diameter  of  the  cells  is  a  very  con- 
stant and  striking  feature  of  the  stained  specimens  in  this  disease. 
In  no  other  disease  do  so  large  cells  or  so  many  of  them  occur. 

The  average  diameter  may  rise  as  high  as  11  to  13  //,  but  as  a 
rule  the  average  is  reduced  by  the  presence  of  a  few  abnormally 
small  forms.  The  percentage  of  oversized  cells  gives  us  a  better 
idea  of  the  facts.  Thus  Ehrlich  in  8  cases  of  pernicious  anaemia 
found  the  following  percentages  of  oversized  red  cells :  71,  71,  66, 
65,  60,  58,  57,  56.  In  5  convalescent  cases  33  to  50  per  cent  of  the 
9 
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cells  were  oversized  and  in  the  period  of  complete  remission  from 
0  to  14  per  cent. 

Out  of  139  cases  in  which  I  have  looked  for  this  point,  109 
showed  the  increase,  as  far  as  could  be  judged  without  measuring 
many  cells.  This  does  not  mean  that  every  cell  is  larger  than  nor- 
mal, but  that  the  "  macrocytes  "  are  more  numerous  than  the  "  micro- 
cytes."  Occasionally  we  see  cells  over  20  /i  in  diameter,  some  with 
nuclei,  some  without.^ 

{b)  Deformities  in  Shape, — The  eye  soon  gets  used  to  the  shapes 
assumed  by  the  necrobiotic  corpuscles  and  leanis  to  distinguish 
them  from  the  distortions  due  to  technique  or  to  crenation.  Most 
of  them  fall  under  one  or  another  of  the  types  shown  in  Plate  IV. 
The  very  large  forms  are  generally  oval,  but  seldom  present  any 
further  deformities.  Among  the  smaller  cells  the  battledore  and 
sausage-shaped  forms  are  very  common.  In  one  case  I  found  all 
the  red  cells  of  the  latter  shape,  so  that  they  looked  at  first  sight 
like  a  lot  of  gigantic  bacilli.  That  this  appearance  was  not  due  to 
the  technique '  (as  I  had  at  first  supposed)  is  probable  from  the  fact 
that  the  rod-shaped  cells  did  not  point  all  in  one  direction  as  they 
would  have  done  if  pulled  out  of  shape  by  the  process  of  spreading 
(see  Fig.  27.)  This  appearance  is  only  an  exaggeration  of  what 
may  be  seen  in  most  severe  anaemias,  namely,  a  tendency  towards 
an  oval  shape  like  that  of  amphibian  corpuscles.  This  is  usually 
true  of  those  cells  (in  pernicious  cases)  which  are  not  more  violently 
deformed.  The  type  of  cell  so  common  in  secondary  anaemia — well 
stained  at  the  edges  and  pale  in  the  middle — is  rarely  seen. 

Occasionally  we  see  cases  with  no  considerable  deformities  what- 
ever in  the  red  cells.  In  nine  cases  out  of  sixty  in  which  this  point 
was  observed,  little  or  no  deformity  was  noted.  1  cannot  make  out 
that  such  cases  have  any  better  or  worse  prognosis  than  others.     I 

'  Capps  has  recently  proved  the  increase  in  the  size  (if  tlie  red  cells  by  de- 
termining in  an  ingenious  way  what  he  calls  the  rolnme  inihx.  Witli  the 
baematocrit  he  determines  the  volume  of  the  red  cells  in  a  given  amount  of 
blood,  and  compares  this  figure  with  the  count.  If  in  a  blood  containinir 
1.000,000  red  cells  (one-fifth  the  normal),  the  column  packed  down  by  tlic 
haMuatocrit  is  more  than  one-fifth  as  long  as  that  obtained  by  centrifugalizini: 
normal  blood,  then  the  volume  index  is  above  the  normal.  Tliis  higli  volunu* 
index  he  finds  regularly  in  the  exacerbations  of  pernicious  aujemia. 

*  Some  writers  advise  the  use  of  less  heat  than  usual  in  dealing  with  cover- 
glass  specimens  of  pernicious  amvmia.  I  have  not  found  this  so,  and  heat  jis 
usual  up  to  150^  C.  and  then  stop. 
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have  never  seen  cases  whose  red  cells  were  all   iiwhrsised,  but  a 
normal  average  diameter  was  present  in  somewhat  under  one-quaF- 
I   ter  o£  the  cases  in  which  I  have  looked  out  for  this  point. 

[c)  Staining  Properties  of  ike  }tv4  Cells.— The  white  spots  or 
I  Btrealcs  described  by  Maragliano,  Hayem,  and  others  are  very  ofteti 
I  Been  iii  the  red  cells  of  pernicious  aueemia  despite  good  technique. 


!  corpuscles  are  so  pale  in  the  centre  that  we  see  only  the 

Sianow  ring  of  stained  protoplasm  at  the  |>eriphery,  a  mere  sheU. 

jOtfaerfi  are  swollen  up  so  as  to  show  no  sign  of  centi'al  bieoncavity, 

1  stain  deeply  and  evenly  all  over. 

More  common  than  in  any  other  form  of  aniemia  are  the  poly- 

Kelixomatophilic  red  cells  (see  Plate    IV.)  which  with  the  Ehrlich- 

Ifiiondt  mixture  stain  brownish,  purple,  nr  gray,  either  as  a  whole 

1  parts.     In  cover-slips  stained  with  Wright's  stain  the  spotted 

I  appearance  of  the  cell,  described  by  Ehrlich  und  Grawitz,  is  usually 

I  marked.     In  the  nucleated  red  cells  the  protoplasm  is  very  apt  to 

'  show  these  changes.     With  Ehrlich's  stain  it  may  be  difficult  to 

distingaish  normoblasts  from  lymphocytes.     In  difficult  cases  we 

have  sometimes  to  fall  back  upon  the  appearances  of  the  periphery. 
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which  in  most  red  corpuscles  shows  some  thin  place  or  crinkle  char- 
acteristic of  a  Jiat  cell,  while  the  lymphocyte  gives  us  the  more 
solid-looking  outline  of  the  spherical  cell.  With  Wright's  stain  it 
is  seldom  difficult  to  make  this  distinction. 

2.  Nucleated  Red  Corpuscles, 

Nothing  further  needs  to  be  said  in  description  of  these  forms 
(see  pages  82  to  87).  We  have  no  exact  method  of  estimating 
the  number  of  nucleated  cells  either  in  relation  to  the  whole  num- 
ber of  red  cells  or  in  a  cubic  millimetre.  All  we  can  do  is  to  note 
the  number  seen  in  such  an  area  of  a  cover-glass  specimen  as  is 
covered  while  counting  a  given  number  of  white  cells,  say,  1,000. 
Knowing  the  ratio  of  red  to  white  corpuscles,  we  can  calculate  from 
this  number  of  nucleated  red  cells  their  approximate  relation  to  the 
whole  number  of  red  cells. 

Thus  if  the  ratio  of  white  to  red  be  1: 1,000  (1,000,000  red  and 
1,000  white)  and  we  have  seen  two  nucleated  red  corpuscles  while 
making  a  differential  count  of  1,000  white  cells,  the  total  numl)or 
of  red  cells  passed  over  must  be  approximately  1,000,000  and  the 
number  of  nucleated  corpuscles  about  2: 1,000,000  red  cells  or  two 
in  a  cubic  millimetre.  Of  course  when  leucocytosis  is  jnesout  and 
the  ratio  is  raised— say,  to  1: 150  (10,000  white  and  1,500,000  red) 
finding  two  nucleated  red  cells  while  counting  1,000  white  would 
mean  that  there  were  two  nucleated  cells  in  every  150,000  non- 
nucleated,  or  twenty  in  a  cubic  millimetre  (or  in  1,500,000  non- 
nucleated  cells). 

Such  calculations  are  inaccurate  because  we  are  never  sure  that 
the  red  cells  and  white  cells  are  distributed  in  the  dried  speci- 
men exactly  as  they  are  in  the  blood.  Part  of  the  leucocytes 
may  be  accumulated  at  the  edges  of  the  cover-glass,  so  that  the 
ratio  in  the  middle  may  be  different  from  that  in  the  circulating 
blood. 

Nevertheless  we  can  get  some  idea  of  how  plentiful  the  nucleated 
corpuscles  are,  and  as  their  significance  in  prognosis  depends  far 
more  on  their  kind  than  on  their  number,  greater  accuracy  as  to  the 
latter  is  not  at  present  important.  For  instance,  two  niegaloblasts 
per  cubic  millimetre  mean  a  worse  prognosis  than  twenty  normo- 
blasts, provided  there  are  no  other  kinds  present  in  either  case.  It 
is  the  ratio  of  niegaloblasts  to  normoblasts  and  not  the  absolute 
number  of  each,  that  is  of  importance. 
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In  all  but  three  of  the  cases  of  pernicious  anaemia  in  which  I 
have  examined  the  blood,  the  number  of  megaloblasts  has  exceeded 
the  number  of  normoblasts,  and  as  the  cases  grew  worse  the  megalo- 
blasts grew  relatively  more  numerous  (often  absolutely  as  well). 
Further,  in  several  hundred  cases  of  severe  secondary  anaemia  I 
have  but  twice  seen  the  number  of  megaloblasts  exceed  the  number 
of  normoblasts. 

The  range  of  variation  in  the  number  of  nucleated  cells  present 
has  extended  in  my  series  from  6  per  cubic  millimetre  to  7,100  j)er 
cubic  millimetre  (see  Table  III.).  The  calculation  can  be  made  by 
using  the  following  formula : 

Let  n  =  the  number  of  white  cells  counted  (by  differential  count). 
"    m  =     "         "        '*   nucleated  red  cells  seen  while  counting  these, 
u     ^  _     u         a        44  y^i^i^Q  cells  per  cubic  millimetre  (Thoma-Zeiss). 

m 
p  X  —  —  X  =  number  of  nucleated  red  cells  per  cubic  millimetre. 
n 

The  search  for  nucleated  corpuscles  in  pemicious  anaemia  is 
sometimes  the  most  laborious  undertaking  in  all  blood  examination, 
but  it  is  also  one  of  the  most  important.  We  may  search  two  or 
three  hours  before  finding  one  nucleated  corpuscle,  but  on  that  cor- 
puscle may  hang  the  character  of  our  prognosis.  If  it  be  a  megalo- 
blast  and  no  other  nucleated  red  corpuscles  are  seen,  the  prognosis 
is  bad,  and  it  is  important  that  we  should  know  it.  This  is  partic- 
ularly true  when  the  ease  is  seen  during  a  remission,  for  under 
these  conditions  we  miglit  never  suspect  a  case  of  pernicious  anaemia 
but  for  the  presence  of  megaloblasts.  They  are  not  always  difficult 
to  find;  indeed,  in  one  of  my  cases  they  were  more  numerous  than 
the  white  cells,  but,  as  a  rule,  we  do  not  get  off  with  less  than  two 
hours'  work. 

The  number  of  megaloblasts  in  the  peripheral  circulation  often 
varies  very  markedly  from  day  to  day  so  that  to-day  it  may  be  im- 
possible to  find  any,  while  to-morrow  they  will  be  plentiful.  Even 
in  different  preparations  made  at  the  same  time  the  number  of 
megaloblasts  may  vary  greatly.  The  importance  of  frequent  exami- 
nations is  obvious  in  the  light  of  these  facts.  Morse  (Boston  Med, 
and  Surg.  Jour.,  November  27th,  1902)  reports  a  series  of  cases  to 
prove  that  tlio  diagnosis  of  pernicious  anaemia  cannot  be  made  from 
the  blood  alone,  for  identical  blood  occasionally  occurs  in  secondary 
anaemias. 
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These  cases  are,  I  thiuk,  conclusive,  and  two  similar  ones  have 
withiii  the  past  few  years  come  to  my  notice  and  convinced  me  that 
by  the  blood  alone  thfl  diagnosis  of  pernicious  ansemia  is  not  always 
possible.  We  must  take  account  of  all  the  clinical  data,  of  which 
the  blood  is  but  one. 

Table  III.  shows  the  number  of  nucleated  corpuscles  per  cubic 
millimetre  in  thirty  of  the  cases  examined  by  the  writer. 
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S.    White  Corpuscles. 

Unless  the  cover-glasses  are  spread  unusually  thickly,  it  may 
take  a  long  time  to  find  enough  leucocytes  for  an  accurate  differen- 
tial count,  so  great  is  the  leucopenia  in  many  cases.  It  is  worth 
while,  therefore,  to  spread  some  of  the  cover-glasses  more  thickly 
than  would  be  advisable  if  we  had  only  the  red  cells  to  examine. 

Table  IV. — Percentages  op  Leucocytes  in  Pernicious  An.£mia. 


Ltmphocttbs,  Ljlbob  akd  Smaij.. 

EoanroPHiUES. 

Number  of 

No. 

Per  cent. 

No. 

Per  cent. 

counti^ 

1 

79. 

77. 

71. 

61.6 

68. 

67.6 

57.2 

57. 

56.9 

66. 

68.9 

63.8 

51.5 

49.5 

49.4 

47.9 

47.9 

47. 

46. 

45.9 

45.5 

44.7 

43.7 

42.3 

41. 

40.8 

40. 5 

39. 

38. 

38. 

37.8 

36.1 

35.7 

35. 8 

35.8 

34. 

33.6 

38.1 

88. 

38. 

1 

9. 
6.2 
6. 
4.7 
4.6 
4.6 
4.4 
4.8 
4. 
4. 
4. 
8.7 
8.6 
8.4 
8.4 
8.1 
8. 
2.8 
2.7 
2.6 
2.6 
2.6 
2.6 
2. 
2. 
2. 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.4 
1.2 
1.2 
1.2 
1. 
1. 
1. 
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1 

9 

9 

1 

10 

10 

6 

11 

11 

1 

12 

12 

2 

18 

13 

1 

14 

14 

15 

2 

16 

1 

16 

17 

16 

17 

1 
8 

18 

18 

18 

19 

2 
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20 

20 
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21 

21 
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22 

23 
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24 

24 

25 
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26 
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26 

26 
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28 
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29 

29 
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Table  IV.— Pbrcbntaoes  op  Leucocytes  in  Pernicious  Anemia 

{Continu^. 


LTMPBocrm,  Larob  akd  Small. 

Number  of 

No. 

Percent. 

No. 

Per  cent 

counts. 

41 

81.8 

29.4 

28.7 

28.4 

27.8 

27.2 

26.5 

24.2 

22. 

21.2 

19.8 

16. 

41 

.8 

.8 

.7 

.6 

.5 

T 

.8 

.2 

.0 

.0 

.0 

.0 

42 

42 

48 

48 

44 

44 

45 

45 

46 

46 

47 

47 

48 

48 

49 

49 

60 

50  

61 

51 

62 

52 

The  essential  point  sliown  in  these  tables  is  the  absolute  and 
relative  diminution  in  the  polynuclear  cells  which  corresponds  with 
a  percentage  increase  in  the  other  forms.  Absolutely  the  lympho- 
cytes ai-e  about  normal. 

In  52  cases  examined  by  myself  the  lymphocytes  (large  and 
small)  averaged  45.4  per  cent.  About  nine- tenths  of  these  were 
small  forms.*  As  the  fatal  termination  approaches,  the  percentage 
of  lymphocytes  rises.  An  extreme  case  of  this  change  lias  already 
been  recorded  on  page  96;  an  ordinary  case  of  pernicious  auieniia 
developed  near  death  a  lymphocytosis  of  about  60,000  with  91.7 
per  cent  of  small  lymphocytes. 

Williamson  and  Martin '  have  recently  recorded  a  similar  case 
with  the  following  figures ; 


Dale. 

Red. 

Hapmo- 
firlubtn. 

White 
cells. 

Lympho- 
cytes. 

Tolvinor-     .    Myelt)- 
ph«»niulears.      cyies. 

December   1 

900.000 
480,000 
400.000 
300,000 

20 
12 
12 

-h 
34,000 

4r),0(K) 

38,000 

99.27 
99.00 
99.62 

_                   _ 

8 

»*         11 

O.Tm            0.18 
.56              Ml 

12 

Death 

.37        :      .00 

I 

'  Da  Costa  in  one-half  of  his  cases  found  tlie  large  forms  over  12  nor  cent. 
The  average  in  all  his  cases  was  10  per  cent.  The  ]>olynucle}irs  avcrairod  58 
per  cent;  the  eosinopliiles  were  generally  decreased  and  in  IS  jx-r  cent  of  the  31 
cases  entirely  wanting.     One  case  showed  10  i>er  cent,  of  myelocytes. 

3  Williamson  and  Martin:     Brit.  Med.  Journal,  May  10th,  1902. 
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The  lymphocytes  were  of  all  sizes,  but  faintly  stained.  Autopsy 
showed  a  typical  case  of  pernicious  anaemia  with  terminal  pneu- 
monia.    No  signs  of  leuksemic  lesion  in  marrow  or  glands. 

Da  Costa  (page  182)  found  eighteen  hours  before  death  that  the 
leucocytes  (which  had  previously  numbered  from  1,000  to  2,400) 
had  risen  to  18,600.  The  lymphocytosis  was  considerable — 46  per 
cent  (or  8,500  absolutely),  but  not  extreme  as  in  the  cases  above 
cited.  Two  other  cases  showed  respectively  71  and  79  per  cent  of 
lymphocytes  a  few  days  before  death.  The  polymorphonuclear 
cells  suffer  proportionately  as  a  rule.  On  the  other  hand,  Ewing 
has  observed  a  marked  rise  in  the  percentage  of  the  polynuclear 
cells  near  death,  although  autopsy  revealed  no  complication .  Pneu- 
monia or  septic  complications  may  produce  an  ordinary  polynuclear 
leucocvtosis. 

EoslnophUes  are  occasionally  increased,  9  per  cent  being  present 
in  one  of  my  cases,  ^.(S  per  cent  in  another.  The  average  of  78 
examinations  in  my  62  cases  is  2.7  per  cent. 

Small  percentages  of  myelocytes  are  the  rule.  They  are  present 
in  42  of  52  cases.     Table  V.  shows  the  percentages. 


Table  V. 


No. 

PercentA^ 

X"^.«. 

Percentage 

%T^ 

Percentage 

of  myelocytes. 

r*o. 

of  myelocytes. 

No. 

of  myelocytes. 

1 

9.2 

19 

1.8 

37    

0.6 

2 

8.8 

20 

1.5 

38 

.6 

8 

8. 

21 

1.5 

39 

.5 

4 

6.3 

22 

1.5 

40 

.4 

5 

6. 

23 

1.4 

41 

.8 

6 

4.6 

24 

1.2 

42 

.2 

7 

4. 

25 

1. 

43 

.0 

8 

4. 

26 

1. 

44 

.0 

9 

3.6 

27 

1. 

45 

.0 

10 

3.4 

28 

1. 

46 

.0 

11 

3. 

29 

1. 

47 

.0 

12 

3. 

30 

.8 

48 

.0 

13 

2.7 

31 

.8 

49 

.0 

14 

2.5 

32 

.8 

50 

.0 

15 

2.2 

33 

.6 

51 

.0 

16 

2.2 

34 

.6 

52 

.0 

17 

18 

2.2 

2.0 

35 

36 

.6 

Average  = 

:  2  per  cont. 

With  a  leucopi'uia  siu'li  a.s  is  usually  present  in  pernicious  aiiiemia, 
2  per  cent  of  myelocytes  means  absolutely  a  very  small  number  per 
cubic  millimetre. 
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Taking  3,800  leucocytes  per  cubic  millimetre  as  the  average  for 
pernicious  anaemia  (see  page  127),  2  per  cent  of  myelocytes  amounts 
to  only  76  per  cubic  millimetre.  In  leukaemia  the  absolute  number 
of  myelocytes  is  seldom  under  150,000  per  cubic  millimetre. 

In  many  cases  the  polynuclear  leucocytes  show  various  abnormal- 
ities in  size  and  staining  reactions.  They  are  often  smaller  than 
normal,  a  peculiarity  also  to  be  noted  in  myelogenous  leukaemia. 

The  Blood  m  Remissions, 

1.  The  Color  Index.  When  the  red  corpuscles  begin  to  in- 
crease the  color  index  may  remain  relatively  high  or  even  become 
still  higher  (Laache,  Schaumann);  but  in  the  majority  of  cases  this 
is  not  so.  As  a  rule,  in  the  remissions  of  the  disease  the  haemo- 
globin is  relatively  low,  as  in  ordinary  symptomatic  anaemia,  and  I 
have  seen  two  cases  which,  if  examined  for  the  first  time  during 
the  period  of  remission,  would  have  certainly  been  mistaken  for 
ordinary  chlorosis. 

2.  The  Leucocytes.  Coinciding  with  the  increase  in  the  red 
cells  there  is  usually  a  still  greater  increase  in  the  leucocytes,  so 
that  for  a  time  a  moderate  leucocytosis  may  be  present.  This  in- 
crease is  made  up  very  largely  of  polymorphonuclear  neutropliiles, 
and  is  due,  no  doubt,  to  the  increased  activity  of  the  marrow  through 
which  both  red  corpuscles  and  granular  leucocytes  are  multiplied. 
The  eosinophiles  may  also  be  increased  as  in  the  following  oase  of 
Ehrlich:  Red  cells,  4,115,000;  white  cells,  18,300.  Differential 
count  of  400  cells  showed:  Polynuclears,  78.2  percent;  lympho- 
cytes, 12  per  cent;  large  mononuclears,  0;  eosinopliiles,  9.5  per 
cent.     In  another  similar  case  he  found  11  percent  of  eosinophiles. 

As  the  percentage  of  polymorphonuclear  neutrophiles  increases 
the  percentage  of  lymphocytes  decreases,  and  the  myelocytes, 
which  are  usually  present  in  small  percentages  during  the  active 
stages  of  the  disease,  disappear.  The  number  of  megaloblasts 
steadily  decreases,  and  in  their  place  normoblasts  appear  for  a 
time;  later  they,  too,  leave  the  circulating  blood.  The  size  of  the 
individual  red  cells  is  sometimes  greater  during  a  remission  of  the 
disease  than  at  any  other  time.  In  one  remarkable  ease  the  i)atient, 
whose  symptoms  had  totally  disappeared  and  who  was  actively  at 
work  as  a  newspaper  correspondent,  dropped  in  to  see  me  one  day, 
apparently  in  splendid  health  and  spirits.  His  skin  and  nuicous 
membranes  were  ruddy  red,  his  haemoglobin  90  per  cent,  yet  to  my 
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gi-eat  surprise  I  foimil  only  2,500,000  red  cells  to  the  cubic  milli- 
uieCre.  The  stained  specimens  showed  the  largest  red  cells  which 
I  have  ever  seeu,  for  the  uiost  part  perfectly  well  shaped  aud  nat- 
ural looking,  but  averaging  12  /i  in  diameter.  This  stage  is,  how- 
ever, a  comparatively  short  one,  aiid  the  size  of  the  red  corpuscles 
soon  becomes  normal  or  subnormal.  The  abnormal  staining  reac- 
tions and  the  oval  forms  disappear.  As  a  rule,  the  count  of  cor- 
puscles does  not  remain  long  above  4,000,000,  but  ranges  in  the 
neighborhood  of  3,000,000  during  the  greater  part  of  the  remission. 

3.  The  Bed  Cklls.  Usually  the  proportion  of  large  forms 
diminishes  as  in  Ehrlich's  case:  (n)  Active  stage;  red  cells  1,340,- 
OOO,  large  forma  66  per  cent.  (It)  Remission;  red  cells  4,115,000, 
large  forms  33  per  cent  At  the  beginning  of  the  remission  the 
iiuinher  of  megaloblasts  diminishes,  while  the  normoblasts  increase. 
Later  the  latter  also  disappear.  Deformities  become  less  marked 
and  the  achromia  cells  (pale  centres)  appear,  giving  the  blood 
the  appearance  of  secondary  anfcniia.  Polychromatophilic  and 
spotted  cells  grow  less  numerous,  but  Ehrlich  maintains  that  tlie 
latter  may  remain  even  when  the  blood  has  otherwise  regained  its 
normal  appearance.  He  therefore  considers  "spotted  red  cells"  of 
value  for  diagnosis  during  remissions. 

The  rate  of  regeneration  is  often  astonishingly  rapid. 

In  Case  VII.  of  my  series  the  red  cells  increased  from  1,800,000 
to  5,200,000  iu  fourteen  days.  In  Case  XXXIX.  the  red  cells 
increased  from  2,200,000  to  4,000,000  in  thirteen  days.  In  Case 
LVIII.  the  red  cells  increased  from  1,500,000  to  3,200,000  in 
twelve  days.  In  Case  XCI.  the  red  cells  increased  from  1,700,000 
to  3,000,000  in  fourteen  days. 

Similar  observations  have  been  reported  by  Ehrlich  and  other 
observers. 

It  is  quite  possible,  although  I  have  no  figures  to  prove  it,  tliat 
in  the  periods  of  decline  the  red  corpuscles  may  fall  as  rapidly  as 
they  subsequently  rise.  This  possibility  is  suggested  by  the  fact 
that  one  rarely  sees  pernicious  auEemiii  in  an  early  stage — that  is, 
until  the  red  corpuscles  have  fallen  below  2,000,000  per  cubic  niilli- 
metre.  Only  four  of  my  cases  showed  more  than  2,000,000  red 
corpuscles  per  cubic  millimetre  at  the  time  of  the  first  examination 
ol  the  blood. 
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Summary, 

The  more  important  characteristics  of  the  blood  of  pernicious 
anaemia  are  as  follows : 

1.  Red  cells  about  1^200^000 2)er  cubic  millimetre, 

2.  White  cells  much  diminished^ 

3.  Haemoglobin  variable,  sometimes  ijicreased  relatively  (=  high 
color  index) 

4.  Deformities  in  size  and  shape  of  red  cells  in  many  cases. 
6.  Increase  in  average  diameter  of  red  cells. 

6.  Polychromatophilic  red  cells. 

7.  Megaloblasts  more  numerous  than  normoblasts. 

8.  Lymphocytosis. 

9.  Small  percentage  of  myelocytes. 

The  items  italicized  are  the  most  important  and  characteristic. 

Diagnostic    Value. 

1.  Pernicious  ancemia  and  chlorosis  may  l)e  indistinguishable 
without  the  examination  of  the  blood.  The  pallor  of  the  two  dis- 
eases is  not  always  different  either  in  degree  or  in  kind,  and  the 
symptoms  and  physical  signs  may  be  identical. 

The  differential  diagnosis  is  easily  made  by  the  blood.  Tlie  red 
cells  rarely  reach  as  low  as  2,000,000  in  chlorosis  and  the  number  and 
degree  of  degenerative  changes  are  less  than  in  pernicious  aniemia. 
Megaloblasts  have  been  seen  in  chlorosis  (Ilammerschlag),  but  have 
never  constituted  a  majority  of  the  nucleated  red  cells  present. 
In  the  great  majority  of  cases  the  pallor  and  other  signs  and  symp- 
toms of  chlorosis  are  due  to  lack  of  hrenioglobin  per  eor])U8ele  (for 
the  corpuscles  are  not  only  pale  but  very  small-sized),  and  not  to  a 
lack  of  corpuscles.  The  high  color  index  and  large  size  of  the 
scanty  cells  in  pernicious  anaemia  contrast  strongly  with  this. 

The  white  cells  are  about  the  same  in  both  diseases,  though  usu- 
ally fewer  in  pernicious  anaemia.  Lymphocytosis  is  eoinmon  to 
both  diseases.  Myelocytes  are  occasionally  found  in  chlorosis,  but 
much  less  commonly  than  in  pernicious  ana^nia. 

2.  Pernicious  Anannia  and  (lie  Amrmia  of  Malignant  Discasp. — 
Not  long  ago  I  examined  the  blood  of  a  gentleman  who  had  gradu- 
ally and  without  assignable  cause  acquired  a  '*  lemon-yellow  '•  pal- 
lor, without  loss  of  flesh,  vomiting,  pain,  or  any  localizing  sign  or 
symptom.     The  diagnosis  of  pernicious  anaMuia    had  be^n   made. 
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To  my  great  surprise  I  found  over  4,000,000  red  cells,  with  only 
38  per  cent  of  haemoglobin,  and  18,780  white  cells,  86  per  cent  of 
which  were  polymorphonuclear  neutrophiles.  One  normoblast  was 
seen.  Fibrin  was  not  increased.  The  anaemia  was  evidently  sec- 
ondary, and  the  autopsy  ten  months  later  showed  cancer  of  the 
stomach. 

Osier  and  McCrae  record  a  case  in  which  the  symptoms  and 
signs  (except  the  blood)  were  so  suggestive  of  pernicious  anaemia 
that  Osier  made  that  diagnosis.  Six  months  later  a  nodular  mass 
was  felt  in  the  region  of  the  stomach,  and  the  patient  soon  after 
died.  In  this  case  the  red  cells  varied  between  2,840,000  and 
3,048,000.  The  leucocytes  numbered  11,500  ;  there  were  no  nu- 
cleated red  cells  and  but  slight  poikilocytosis.  Haemoglobin  was 
25  per  cent,  i.e.,  the  blood  of  secondary  anaemia.  I  have  since  had 
four  similar  cases. 

Malignant  disease  may  bring  down  the  count  of  red  cells  to 
1,000,000  or  lower,  but  in  such  cases  leucocytosis  is  often  present. 
As  will  be  seen  in  the  chapter  on  malignant  disease,  leucocytosis  is 
by  no  means  invariable  in  the  anaemia  of  cancerous  growth,  but  in 
those  cfises  which  cause  such  an  anaemia  as  to  resemble  the  counts  of 
pernicious  anaemia,  leucocytosis  is  the  rule.  This  in  itself  is  usu- 
ally sufficient  to  exclude  uncomplicated  pernicious  anaemia.  When 
an  increase  in  the  whole  number  of  leucocytes  is  not  present  in  ma- 
lignant disease,  there  is  often  an  increased  percentage  of  polymor- 
phonuclear cells,  contrasting  strongly  with  the  increased  percentage 
of  lymphocytes  in  pernicious  anaemia.  Nevertheless,  it  is  true  that 
the  blood  of  cases  of  cancer  does  occasionally  simulate  for  a  time 
that  of  pernicious  anaemia  so  closely  that,  judfjing  from  the  blood 
alone,  the  two  diseases  are  indistinguishable.  The  other  clinical 
data  must  be  kept  in  mind. 

Normoblasts  and  not  megaloblasts  are  the  rule  in  malignant 
disease.  If  megaloblasts  are  present  they  are  almost  always  in  the 
minority,  while  in  pernicious  anjemia  they  are  in  the  majority. 
The  average  size  and  staining  power  of  the  red  cells  is  increased  in 
most  cases  of  pernicious  anaemia  and  decreased  in  most  cases  of 
malignant  disease. 

Enrlich  has  twice  diagnosed  pernicious  anaemia  from  the  blood 
examination  and  been  confronted  at  the  autopsy  with  small  cancer- 
ous growths  in  the  stomach.  In  one  case  the  cancer  was  "the  size 
of  a  hazelnut";  in   the  other,  "an  annular  fibrous  cancer  of  the 
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pylorus  without  any  ulceration."  In  these  cases  I  believe  the  can- 
cer to  have  been  a  complication  and  not  the  cause  of  the  anaemia. 
Such  small  growths  are  very  rarely  associated  with  any  anaemia 
at  all. 

Hayem  insists  that  pernicious  anaemia  may  be  distinguished  from 
anaemia  secondary  to  cancer,  because  in  cancer  the  clot  contracts 
fii'mly  and  squeezes  out  the  serum,  and  the  blood  plates  are  but 
slightly  diminished,  while  in  pernicious  anaemia  the  clot  does  not 
retract  and  blood  plates  are  greatly  decreased. 

3.  Pernicious  Anannia  and  Other  Secondary  Anannias, — Most 
secondary  anaemias  which  are  severe  enough  to  reduce  the  count  of 
red  cells  below  2,000,000  follow  the  type  of  malignant  disease  and 
show  leucocytosis.  The  great  pallor  and  dyspnoea  seen  in  connec- 
tion with  some  cases  of  tuhercnlosis  and  ne2)hritis  rarely  mean  a  low 
count  of  red  cells,  but  simply  a  loss  of  haemoglobin.  I  remember 
two  eases  in  adjacent  beds  at  the  Massachusetts  General  Hospital, 
both  with  extreme  yellow  pallor  without  emaciation;  one  had 
1,020,000  and  the  other  4,100,000  red  cells,  the  haemoglobin  in 
each  being  about  thirty  per  cent.  The  first  was  pernicious  anaemia, 
the  second  nephritis. 

Chronic  bleeding  from  internal  2>des  is  sometimes  quite  unknown 
to  the  patient,  and  so  leads  to  an  extreme  anaemia,  which  is  not 
unfrequently  mistaken  for  pernicious  anaemia.  Cases  of  the  kind 
have  l>een  observed  by  Ewart  {The rap.  der  (ref/enjcartj  November, 
1899),  by  T.  K.  l^rown,  and  by  myself.  In  details,  however,  the 
blood  is  quite  unlike  that  of  pernicious  anaemia. 

Purpura,  typhoid,  lead  poisoning,  chronic  malaria,  and  other 
diseases  may  reduce  the  red  cells  to  a  point  as  low  as  that  seen  in 
early  stages  of  pernicious  anieniia  and  may  not  he  neettrnpanied  lnj 
leucocytosis  ;  but  the  absence  of  clianges  most  characteristic  of  the 
latter  disease  (a  majority  of  megaloblasts,  increased  diameter  and 
color  index  in  the  red  cells)  serves  in  most  cases  to  make  tlie  diag- 
nosis clear.*  Nevertheless,  I  have  l)een  recently  convinced  that  the 
blood  of  cases  of  secondary  anaemia  may  excei>tionally  ])resent  ap- 
pearances indistinguishable  from  that  of  pernicious  anaemia  (see 
page   134).     Cases  involving  haemolysis  (poisoning  by  acetanilid, 

'  Another  point  of  difference  emphasized  by  Gmwitz  is  that  the  plasma  of 
pernicious  ana?mia  has  a  relatively  larger  amount  of  solids  than  that  of  anae- 
mia secondary  to  the  above  diseases.  This  is  hardly  a  clinically  applicable 
test,  but  is  said  to  be  a  valuable  one. 
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iiitToiienzol,  et«.)  may  also  lie  associated  with  blootl  changes  like 
those  of  pernicious  aiiiemia,  and  tlie  bothriocephalus  anaemias,  which 
show  all  the  blood  changes  just  described,  must  surelj  be  classed  its 
tecoHtlary. 

It  appeal's,  tberafore,  that  the  blood  alone  is  not  always  sufficient 
for  the  diagnosis  of  pernicious  antemia.  This  is  esijccially  true 
during  the  remissions  of  the  disease,  Jiut  even  in  its  active  stages 
the  disease  produces  changes  which  are  occasionally  reproduced  in 
all  particulars  by  cases  of  aneeuiia  whose  cause  is  obvious,  espeoially 
by  those  involving  haemolysis.  The  blood  of  pernicious  anseniia 
appears  to  be  the  result  of  one  typo  of  chronic  hasniolyais. 

4.  Prrnif^iowt  Anarmia  and  Leiikiemia. — Occasionally  in  infants 
these  two  diseases  seem  to  approach  very  near  each  other  and  are 
difBcult  to  distiugiiiah.  In  infancy,  as  is  well  known,  any  aiiEemia 
(primary  or  secondai'y)  is  apt  to  \m  accompanied  by  leucocytosis  and 
an  enlar^'ed  spleen.  Further,  leukseniia,  which  in  adults  usually 
CAUses  a  relatively  slight  anaemia,  affects  the  red  cells  much  more 
strongly  in  infancy,  and  may  i-educe  them  to  n  number  decidedly 
sn^estive  of  pernicious  aniemia.  Therefore  in  both  diseases  we 
may  have  enlarged  spleen,  great  anemia,  and  leucocytosis. 

The  one  characteristic  point  of  Icuktemic  blood — the  abundance 
ot  myelocytes — usually  enables  ua  to  disdngiiish  the  two  diseases, 
for  although  present  in  both  diseases  the  myelocyte  is  much  more 
plfintiful  in  leiiluBniia.  Unfortunately  we  have  no  way  of  fixiug 
jast  how  numerous  myelocytes  must  be  in  order  to  constitute  leu- 
Icemia.  It  is  ouly  in  infancy,  and  very  rarely  then,  that  this  dltfi' 
culty  arises,  but  at  that  period  I  am  inclined  to  believe  that  we 
sometimes  see  conditions  intermediate  between  the  two  diseases, 
■ndioatiug  the  ultimate  identity  of  the  two.  Their  numerous  clini- 
oal  resemblances  cannot  hei-e  be  discussed.  (For  further  comment 
on  this  point  see  page  52.'>.) 


Pbognoi 


!  Value  of  11looi>  in  Pkrsicious  An 


The  prognosis  is  always  very  bad,  but  the  following  scheme  in- 
I  dioates  the  presence  of  a  severe  or  of  a  mild  type : 


1.  Severe  {rapidly  fatal). 
'  (<t)  Extreme    progressive   an- 
iemia. 
(J)  High  color  index. 


2.  Lm»  Seitere  (slower  pi 
(ii)  Remissions. 


(/')  Normal  or  low  color  indo 
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(f)  lucrease  in  size  of  red  ci 

(d)  I>egeuerative  changes. 

(e)  Numerous  inegaloblasts. 
(/)  Few  or  uo  novmoblasts. 
(?)  Lyinpliooytosis. 


■lis. 


(f)  Normal-sized  or  auiall  cells. 
(_'l)  No  degenerative  change. 

(p)  Numerous  noriuoblasta. 
{/)  Few  megaloblaats. 
{ff)  Normal    percentage    of    i>oly- 
inorphonuclear  cells. 
It  has  been  thought  by  somi'  observers  that  the  absence  or  great 
aeantineas  of  nucleatetl  earimsclL's  imiirated  lack  of  any  effort  at 
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iiliarly  malignant  type  of  the  disease.     I  have  never  seen  o 
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in  which  nueleateLl  corpuscles  were  steadily  absent,  but  their  scantt- 
cess  has  seemed  to  me  as  a  lule  to  be  associated  with  a  more  s/nu-ljf 
fatal  tjpe  of  the  disease. 

Ko  Biguificaiice  has  seemed  to  me  to  attach  to  the  presence  of 
larger  nr  smaller  percentages  of  eosinophiles. 

To  illustrate  the  different  size  of  the  cells  iti  chlorosis  and  per- 
nicious anaemia  I  have  had  photographs  taken  of  the  blood  of  a  t^asa 
of  two  of  these  diseases  aud  of  normal  blood,  all  on  preeUely  tht 
mme  scale  (see  Figs.  28,  29,  30). 

a.  FATAL  ANEMIA  WITH  H^TOPLASTIC  MARROW. 
("  Aplimfic  AruL-miii.") 

Ehrlich  rejKirted  in  1888 '  the  case  of  a  girl  of  twenty-one  with 
cutaneous,  uterine,  buccal,  aud  retinal  hemorrhages,  which  caused 
death  within  thirty  days  from  the  lirst  symptom.  Blood  examina- 
tion showed  213,300  red  cells — small,  fairly  stained  forms  predui 
nating.  Deformities  were  slight.  No  nucleated  red  cells  could  lift 
found  despite  many  hours'  search  before  and  after  death.  Lp 
cy  tes  numbered  200  per  cubic  millimetre — an  astonisliing  leucopenia. 
Eighty  per  cent  of  these  white  cells  were  lymphocytes  aud  6 
cent  large  mononuclears,  leaving  but  14  per  cent  (or  28  per  cnbio 
millimetre)  of  polynuclear  neutrophilic  cells.  In  other  words,  tho 
neutrophiles  were  reduced  to  about  jl^  of  their  normal  number, 
while  the  lymphocytes  wei-e  distinctly  though  less  markedly  din 
ished.     Eosinophiles  were  wanting  altogether. 

The  great  diminution  in  red  cells  and  gi-annlar  leucocytes  in  this 
ca-ie  suggested  to  Ehrlich  a  lack  of  compensatory  reaction  on  the, 
part  of  the  marrow.  Autopsy  confirmed  this.  Tlie  marrow  of  the 
femur  was  yellow  throughout  except  for  a  tinge  of  red  near  one  end. 

Similar  cases  have  lately  been  reported  by  Lipowaki,'  Muir,' 
and  others.  lu  these,  as  in  Ehrlich's  ease,  hemoiThages  wera 
prominent. 

The  red  cells  in  Muir'a  ease  were  normal  in  size  and  their  num- 
ber was  reduced  to  800,000  and  the  luemoglobin  to  11  per  cent 
The  leucocytes  numbered  7,000  per  cubic  millimetre,  but  only  25 
per  cent  of  them  were  polynuclear  neutrophiles.  Eosinophiles  and 
blood  plates  were  entirely  absent.     Ko  nucleated  red  cells  could  bei 

'  CIiarite-AnoaleD,  xlll.  '  LIpowski :  Deui,  med.  Wocb.,  1900,  p.  Wk 

'Miiir:  Brit.  Med.  Jour,,  JBOO,  p.  fllO. 
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found  in  the  blood,  and  only  one  or  two  in  the  marrow,  post  mor- 
tem, desi)ite  long  and  careful  search.  The  marrow  was  of  the  fatty 
type,  almost  white,  and  contained  few  neutropbiles  and  no  eceino- 
jihiles. 

In  Lipowski's  case,  as  in  Ehrlich'e  and  in  Muir'a,  the  disease 
was  dubbed  "  purpura  hsemorrbagica  "  owing  to  the.  profuse  hemor- 
rhages from  iimcoiis,  serous,  and  cutaneous  surfaoes.  The  red 
cells  were  2,112,000,  haemoglobin  was  18  per  cent.  Only  7  per 
cent  of  the  leucocytes  were  neutrophilea,  the  rest  lymphocytes. 
Nucleated  red  cells  were  absent. 


3-  THE  BLOOD  IN  CHLOROSIS, 

Thia  has  been  already  described  for  the  moat  part  under  the 
heading  of  Secondary  AiiEemia.  In  many  cases  the  two  are  indis- 
tinguishable by  the  blood  examination  alone,  the  changes  consisting 
simply  iu  the  presence  of  light,  small-sized,  pale,  more  or  less  de- 
formed red  cells  whose  number  may  or  may  not  be  decreased,  accord- 
ing to  the  severity  of  the  case.  Lencocytosis  is  rarely  if  ever  pres- 
ent in  uncomplicatetl  chlorosis,  but  is  often  absent  in  secondary 
aiuemia.  Normoblasts  may  be  present  in  both.  The  chief  points 
of  distinction  are : 

(a)  The  red  cells  are  more  apt  to  be  uniformly  under-sized  and 
under-colored  in  chlorosis,  while  in  secondary  aniemia  we  more 
often  find  normal  cells  among  the  diseased  ones. 

(h)  The  color  index  may  be  lower  in  chlorosis  than  is  common 
'  in  secondary  anemia,  and  this  lowering  is  more  constant  in  chlorosis. 

(r)  Absolute  diminution  in  tlie  number  of  polynuclear  leucot'ytes, 
which  is  very  common  in  chlorosis,  is  not  so  oommun  in  secondary 
aniemia. 

(d)  Nucleated  corpuscles  are  less  common  in  chlorosis  than  in 
ansmia  secondary  to  malignant  disease. 

(e)  Coagulation  is  rapid,  in  contrast  with  the  very  slow  clotting 
of  pernicious  anemia  and  of  many  secondary  anemias.  Yet  fibrin 
is  not  increased.  The  increased  rate  of  coagulation  seems  to  be 
connected  with  the  marked  increase  in  blood  plates,  which  is 
almost  always  present. 
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Volume  and  Oxygen  Capacity  of  the  Blood, 

The  blood  volume  is  greatly  increased.  In  21  cases  with  hsemo- 
globin  below  50  per  cent  Smith  found  the  average  volume  4,883 
C.C.,  or  over  one-half  greater  than  the  normal  average  (3,240). 
The  volume  is  increased  in  proportion  to  the  severity  of  the  disease. 
Some  cases  showed  6,400  c.c.  of  blood,  or  nearly  double  the  aver- 
age. At  the  same  time  the  total  oxygen  capacity  (or  total  haemo- 
globin) is  approximately  normal,  averaging  over  95  per  cent  in  21 
cases.  As  the  specific  gravity  of  the  plasma  is  normal,  there  ap- 
pears to  be  a  great  increase  in  the  amount  of  normal  plasma.  If 
we  were  to  imagine  this  excess  of  plasma  filtered  off,  there  would 
remain  {e.g.j  in  Case  X.  of  Smith's  series  with  6,266  c.c.  and 
2,600,000  red  cells)  about  8,000,000  red  cells  per  cubic  millimetre. 
Hence  Smith  concludes  that  there  is  really  a  large  absolute  increase 
in  the  number  of  red  and  white  cells  disguised  by  an  excess  of 
plasma.  Under  treatment  the  oxygen  capacity  or  haemoglobin  is 
not  really  increased,  but  the  amount  of  plasma  diminishes — in  one 
case  from  4,574  c.c.  to  2,800  c.c. 

The  Blood  in   Gt'oss. 

The  pallor  of  the  drop  is  sometimes  excessive,  fully  as  great  as 
in  pernicious  auiemia;  the  liquid  is  very  fluid  and  thin,  and  flows 
abundantly  on  puncturing  tlie  skin.  Yet  it  coagulates  very  rapidly 
and  our  technique  nmst  be  prompt. 

Ked  Cells  and  H/KMOglobix. 
Quant (tntirr   ( lifUff/rs. 

Hayeni  has  recorded  cases  whose  count  was  as  low  as  1,662,000 
and  even  937, .%0  per  (nibic  millimetre.  Such  figures  are  certainly 
rare  in  this  country,  and  the  striking  fact  is  usually  the  slight 
numerical  loss  of  red  cells,  considering  the  extreme  pallor  of  the 
patients. 

The  lowest  count  in  the  Massachusetts  General  Hospital  series 
was  1,932,000,  in  W.  S.  Thayer's  03  eases  1,953,000,  and  in  Da 
Costa's  1,720,000.  The  accompanying  tables,  from  the  records, 
show  the  range  of  red  cells  and  luenioglobin  in  192  cases  as  counted 
when  the  patients  first  canio  mider  observation.  The  highest  counts 
(7,100,000  and  5,884,000)  are  undoubtedly  due  to  some  temporary 
stasis  or  concentration  of  the  blood. 
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The  average  of  the  192  cases,  4,052,000  red  cells  per  cubic  milU- 
metre,  ia  about  the  same  as  in  Thayei-'s '  series,  the  average  of  which 
is  4,096,5-14,  while  Da  Costa's  average  in  106  cases  is  3,876,000. 

The  average  htemoglobin  percentage  of  this  series,  40.4  per  cent, 
U  also  very  close  to  Thayer's  (42.3  per  cent)  and  to  Da  Costa's 
(41.3  per  cent).  This  gives  us  a  i-eduction  of  the  corpuscle  suli- 
stauce  to  one-half  the  normal,  or  to  the  equivalent  of  2,250,000 
healthy  red  celle;  101  of  the  192  cases  have  4,000,000  or  more  red 
cells.  These  figures  do  not  agree  witli  those  collected  by  v.  Lim- 
beck, in  which  only  99  out  of  247  are  over  4,000,000.  But  this 
probably  means  simply  that  in  this  country  the  patients  seek  medi- 
cal advice  before  their  disease  has  advanced  very  far,  while  in  Ger- 
many they  wait  longer  before  resurthig  to  a  hospital.  For,  as  above 
explained,  in  all  auiemias  the  individual  corpuscles  suffer  in  qual- 
ity first  and  only  after  some  time  begin  to  decline  in  number.  This 
is  especially  the  case  in  chlorasis,  although  hy  no  means  peculiar 
to  that  disease. 

The  color  index  is  invariably  low,  as  seen  Jn  the  table,  although 
it  is  raie  to  see  it  fall  below  0.30.  In  only  four  cases  of  the  present 
series  did  it  go  below  that  figure,  the  average  being  about  0.50. 

V.  Noorden '  found  that  the  color  index  was  especially  apt  to 
be  low  in  fii-st  attacks  and  less  often  in  the  recurrent  or  habitual 
cases,  but  Romberg,'  iu  a  study  of  one  hundred  and  seventeen  cases, 
has  not  found  this  true,  and  I  agree  with  Romberg.  One  of  the 
lowest  color  indexes  in  my  series  was  in  a  woman  over  fifty  who 
had  a  truly  habitual  chlorosis. 

Thick  VI.-Chloiioms. 


Betwwn  7,000,000  Bud  8,000,000. . 


6,000,000  ■ 
5,000,000  " 
4,000.000    ■ 


....  38 


7,(XH),000 

(1,000.000,  ,  ,. 

5,000.000 73 

"     a,ooo,ooo  "   4,000,000 .,  h 

"        3.00O.0O0    -     a.OOO.OOO 26 

"        1.000.000    ••     2,000.000 1 

Average  of  these  193  cases  =  4,a';2,000 

'See  Oiler's  article  ouCliloroRis  in  the  "American  Text-Book  of  Medicine," 
Tol.  it.,  1U94. 

•"Chlorosis,"  WicQ,  189T(noltlcT). 
»Berl.  Win.  Woch.,  June  2Hth.  1897. 
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White  oellB. 

26,000 1 

Between  15,000  and  14,000 4 

14,000  **  18,000 8 

13,000  *•  12,000 9 

12,000  *•  11.000 18 

11,000  •*  10,000 15 

10,000  •*   9,000 12 

"    9,000  •*   8,000 10 

"    8,000  •*   7,000 84 


WblteoellB. 

Between  7,000  and  6.000 80 

6,000  **    5.000 20 

5.000  "    4.000 17 

4,000  *"    8,000 10 

8,000  **    2,000 2 

2.000  «    1,000 2 


182 


Average,  7,810 


Per  Cent  of  Kamoolobin  in  Chix>ro6I8. 


Between  10  and  19  = 

9( 

cases. 

a 

20 

tt 

29  = 

86 

u 

u 

80 

u 

89  = 

52 

tt 

M 

40 

u 

49  = 

40 

M 

U 

50 

u 

59  = 

41 

U 

tt 

60 

tt 

69  = 

16 

a 

M 

70 

tt 

80  = 

8 

M 

197    " 
Average,  40.4  per  cent. 

The  striking  contrast  is  with  pernicious  anaemia,  rather  than 
with  secondary  anseraia.  In  the  former  the  color  index,  as  above 
mentioned,  averaged  1.04  in  68  cases.  In  secondary  anaemia  it  is 
almost  always  below  1,  but  does  not  average  so  low  as  in  chlorosis, 
although  in  individual  cases  it  may  be  very  low. 

For  example,  Osterspey  quotes  a  case  of  gastric  cancer  with  a 
blood  count  of  4,230,000  red  cells,  and  only  22  per  cent  of  haemo- 
globin, a  color  index  of  0.26. 

Qualitative  Ch a fif/es. 

(a)  The  stained  specimen  shows  a  greater  or  less  degree  of  ^>r/^ 
lor  of  the  corpuscle  centres  corresponding  so  accurately  to  the  dimi- 
nution in  hiemoglobin  that  a  practised  observer  can  tell  a])i>roxi- 
mately  how  low  it  is  simply  from  the  stained  specimen.  The 
pallor,  however,  is  to  be  taken  in  connection  with  the  si.':c  of  the 
cells,  for  the  diminution  in  haemoglobin  is  not  due  simi)ly  to  a 
bleaching  out  of  the  cells,  but  to  their  loss  of  size.     Hence, 

(^)  The  diminution  In  the  a rerar/e  diameter  of  the  cells  is  a  very 
important  feature.  In  the  convalescent  we  may  watch  the  gradual 
increase  in  the  average  diameter  of  the  cells  from  5.5  ;l  or  lower  up 
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lo  7.9  ;i  or  eveu  8.2  /i  in  maity  cases.  Both  iu  this  respect  aiid 
ati  regards  the  bleaching  of  individual  cells,  many  cases  contrast 
with  most  secondary  anffimiaa,  in  that  a  large  proportion  of  the 
cells  nve  affected  alike,  i.e.,  are  small  and  pale,  while  in  secondary 
RDfemia  there  are  apt  to  be  well-stained  and  good-sized  or  over-sized 
cells  in  every  field.  These  last  occur  also  in  chlorosis,  but  less  fre- 
quently as  a  rule.  Hence  the  usually  lower  color  index  of  chlorosis. 
In  certain'cases  this  distinction  does  not  hold,  and  the  two  condi- 
tions are  Identical  in  so  far  as  the  size  and  color  of  the  red  cells  ate 
concerned. 

(c)  Deformities  tn  size  and  shape  are  very  common  in  all  ad- 
vanced cases,  but  often  absent  in  mild  or  moderate  ones.  They 
present  no  special  peculiarities  except  that  niacrocytes  are  relatively 
rare  and  microeytes  relatively  common.  In  the  severest  cases, 
however,  the  macrocytes  begin  to  get  more  numerous  and  we  ap- 
proach the  picture  of  pernicious  autemia. 

(d)  Changes  in  Stauniiif  Reaction. — Polychromatophilia,  baso- 
philic red  cells,  or  stippling  is  rare,  but,  despite  Grawitz'a  State- 
ment, may  be  occasionally  seen  in  severe  cases. 

(e)  Nucleated  red  eorjjuseleti  are  very  scanty  even  in  advanced 
cases.  Most  observers  tind  them  in  small  numbers  after  long 
search.  They  are  almost  always  of  the  normoblast  type,  but  niegalo- 
blasts  have  also  been  found,  In  fourcasesof  my  series  normoblasts 
in  small  numbers  have  been  found — never  more  than  one  hundred 
and  twelve  per  cubic  millimetre.     I  have  never  found  megaloblaats. 

The  Buautiness  of  nucleated  red  cells  is  a  point  of  contrast  with 
the  ansmia  secondary  to  malignant  disease,  in  which  even  in  mildly 
antemic  states  we  readily  liud  nucleated  corpnscles,  while  in  chloro- 
sis, even  in  severe  cases,  a  long  search  may  show  very  few  or  even 
noue  at  all. 

Specie   Grofitij. 

Chlorosis  is  usually  agreed  to  lie  oue  of  the  diseases  in  which 
specific  gravity  aud  liffimoglobin  run  parallel,  and  as  the  inaccuracies 
and  incouvenieuces  of  the  v.  Fleischl  instrument  are  so  great,  it 
seems  lo  the  writer  better  to  follow  the  specific  gravity  i-atlier  than 
the  hieraoglobin.  The  tables  on  page  39  {Part  I.)  show  how  the 
inference  from  density  to  coloring  matter  can  be  made.  A  specific 
gravity  of  1030  is  not  very  rare. 
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White  ('klls. 
A.    QuantitiitiL-e    Ckangai. 

Leuoocytoeis  ia  absent  m  uncomplicated  cases.  In  the  series  in 
Table  VI.  the  occasional  leucocytosia  may  ))e  due  to  digestive  or  Xa 
a  variety  of  other  influences  (uterine  troubles,  etc.),  which  could 
□ot  be  excluded. 

The  average  in  Tliayer's  63  cases  was  8,467  and  in  Da  Costa's 
7,090;  in  the  present  series  it  is  just  under  8,000. 

As  in  pei-nicious  anseiuia,  the  worst  cases  are  apt  to  have  leuco- 
peoia,  and  as  improvement  progresses  the  white  rise  eveu  faster 
than  the  red  corpuscles.  Thus  in  Romberg's  careful  study  of  117 
cases,  24  cases  whose  hieiuoglobin  was  uuder  40  per  cent  had  au 
average  of  6,350  leucocytes  per  cubic  millimetre,  while  til  eases 
whose  hsBinoglobiu  averaged  60  percent  lia<I  an  average  of  9,250 
leucocytes.  We  foimd  the  average  in  healthy  girls  of  the  same 
age  to  be  9,068  white  cells  per  cubic  millimetre. 

The  absence  of  lencocytosts  ia  the  most  important  point  in  dis- 
tinguishing chlorosis  from  secondary  anaemia  due  to  cancer,  suppu- 
ration, etc. 

B.    Qualitative  Changes, 

LffMphocfftotia  is  usually  present,  as  in  pernicious  antemia,  when- 
ever the  disease  is  well  marked,  and  sometimes  even  in  mild  cases. 
Thus  Kieder  found  iii  12  cases  an  average  of  33  per  cent  of  lympho- 
cytes, the  highest  percentages  being  53.7,  43.5,  and  41.7;  but  Da 
Costa  in  37  cases  found  ratlier  low  iigiires  fur  the  small  lymphocytes. 
In  bis  series  eosinophiles  were  notably  decreased,  and  in  70  per 
cent  of  bis  cases  entirely  absent.  Either  the  small  or  the  large 
lymphocytes  may  predominate.  In  my  own  experience  it  has 
usually  been  the  small  forms,  while  Da  Costa  has  found  an  aver- 
age of  15.5  per  cent  of  large  mononuclear  forms  (including  large 
lymphocytes)  in  his  37  cases.  In  one  case  he  made  out  40  per  cent 
of  these  cells  with  only  33  per  cent  of  polymorplionuclear. 

The  neutTOphiles  suffer  pro]x>rtionally,  their  low  percentage  con- 
trasting often  with  that  of  secondary  anemia  associated  with  leu- 
cocytosis.  Eosinophiles  are  occasionally  increased.  In  Rieder's 
12  cases  the  average  pereentage  was  3.5,  the  highest  ]jercentagea 
being  9.6  and  7  per  cent. 

Myelocytes  are  rare  but  have  occasionally  l>eeu  observed  ui  small 
numbers. 
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Regeneration  of  the  Blood, 

As  the  patients  begin  to  mend  under  the  influence  of  treatment, 
the  blood  changes  are  just  the  reverse  of  those  seen  during  the  de- 
velopment of  the  disease.  First  the  corpuscles  gain  in  numbers, 
the  haemoglobin  still  remaining  low;  later  and  much  more  slowly 
the  coloring  matter,  size,  and  weight  of  the  cells  are  renewed.  It 
seems  as  if  the  new-formed  cells  were  of  light  weight  and  had  to 
be  replaced  gradually  by  cells  of  normal  stature.  The  nucleated 
corpuscles  and  deformities  disappeai*  and  the  leucocytes  shoot  up 
often  a  little  above  the  normal. 

Blood  Plates. 
They  are  considerably  increased. 

Chlorosis  without  Known  Blood  Changes, 

Romberg  quotes  the  following  facts:  Three  girls,  nineteen,, 
twenty,  and  twenty- five  years  of  age,  came  to  him  with  typical 
symptoms  of  chlorosis.     Their  blood  counts  showed : 

I.  Red  cells,  5,246,000  ;  Hb.  80  per  cent. 

II.  "       "      5,376,000;     "     83       " 

III.  "       "      4,408,000;     "     87       " 

All  improved  markedly  under  iron  treatment. 
I  mention  this  because  I  have  seen  several  similar  cases  and 
have  heard  of  others  from  colleagues. 

Summary, 

1.  Blood  as  a  whole :  Very  pale  in  marked  cases,  very  fluid,  but 
coagulates  rapidly.  Fibrin  not  increased.  Specific  gravity  usually 
low,  running  parallel  with  the  haemoglobin. 

2.  Red  cells :  Average  4,000,000  when  the  patient  is  first  seen,, 
very  rarely  go  below  1,000,000.  The  majority  of  them  are  small* 
sized,  pale,  often  deformed.  Nucleated  corpuscles  are  rare  (normo- 
blasts as  a  rule). 

3.  White  cells  not  increased. 
Lymphocytosis,  occasionally  eosinophilia. 

4.  Blood  plates  increased. 

Diagnostic    Value, 

1.  The  points  of  difference  from  pernicious  anfi^inifi  have  beeD 
discussed  (see  page  140). 
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2.  It  is  important  to  distinguish  it  from  simple  debility,  and 
from  cases  in  which  the  skin  only  is  anaemic  ;  in  both  of  these  con- 
ditions the  blood  is  normal. 

3.  From  secondary  anaemia  it  may  be  indistinguishable  in  case 
the  latter  be  without  leucocytosis.  When  leucocytosis  is  constantly 
present  and  the  percentage  of  polymorphonuclear  leucocytes  is  in- 
creased, chlorosis  (uncomplicated)  can  be  excluded.  Of  course 
many  of  the  complications  which  may  occur  in  chlorosis  are  accom- 
panied by  leucocytosis. 


CHAPTER  II. 


LEUK.EMIA. 


The  distinction  between  lenke^mia  and  leucocjtosis  has  been 
sufficiently  dwelt  on  above. 

The  blood  of  the  vast  majority  of  cases  of  leukseinia  falls  clearly 
under  one  or  the  other  of  two  distinct  types,  myfloid  on  the  one 
hand,  lymphoid  on  the  other.  Myeloid  blood  is  found  only  in  cases 
with  great  hypertrophy  of  the  spleen,  marked  marrow  changes,  and 
little  or  no  enlargement  of  the  other  lymphatic  tissue.  Such  cases 
are  usually  chronic  (two  to  five  years),'  Lymphoid  blood,  on  the 
other  hand,  may  be  associated  either  with  acute  or  chi-onic  forms  of 
the  disease,  the  lymphatic  glands  may  or  may  not  be  enlarged,  and 
the  spleen  may  be  as  big  as  in  cases  of  the  myeloid  type.  The 
diagnosis  of  leukaemia  can  easily  be  made  by  the  blood  alone,  but 
we  cannot  say  from  the  blood  whether  or  not  the  spleen  or  the  vis- 
ible lymph  glands  are  hyi>ertrophied.  In  acute  lymphffimia  the 
lymph  glands  of  the  alinientiiry  tract  {cervical,  faucial,  gastro-en- 
teric,  mesenteric)  may  be  the  only  set  involved,  or  the  process  may 
not  involve  the  lymphatic  glands  at  all.  At  least  nine  cases  of  this 
type  have  lieeu  reported,  all  of  them  acute  and  apparently  originat- 
ing like  the  "  myeloid  "  eases  from  the  marrow  itself.  The  matter 
has  been  discussed  and  studied,  especially  by  Walz,'  by  Pappen- 
heim,*  and  by  Dorothy  Keed.' 

All  of  the  forty-uine  eases  associated  with  myeloid  blood  which 
have  come  under  my  observation  have  nm  a  chronic  course,  while 
of  the  eases  showing  lymphaemia  seven  were  chronic,  five  acute,  and 
five  subacute.  All  the  myeloid  t^aaes  had  very  large  spleens  with- 
out enlargementof  visible  lymph  glands,  but  three  of  the  lymphatic 

s  had  spleens  almost  filling  the  abdomen. 

'  But  Orawiiz  (p.  333)  and  Reimann  (Wicn.  klio.  Wocli .  I8B9,  No  38)  liftve 
reported  csbps  which  n|>ppar«i  to  be  acult. 

■  Wal/;  Centnilb.  f.  allg.  Path,.  190!.  p   B67. 

•Pappeuheim:  Virchow's  Archlv,  vols.  cIvH,,  clix.,  and  elxvl. 

•Dorothy  Heed:  Am.  Jour.  Sted.  Sc,  October,  1803.  Sec  ulso  Kellj: 
Tnns.  Assn.  Atneticun  Phys.,  1908. 
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The  disease  leukaBmia,  then,  is  associated  with  two  types  of 
blood. 

1.  Myeloid  blood. 

2.  Lymphoid  blood. 

I.  MYELOID  LEUKiEMIA, 

The  drop  as  it  emerges  from  the  puncture  looks  somewhat 
opaque  in  color,  but  is  neither  whitish  nor  chocolate-colored.  It 
flows  very  sluggishly,  however,  and  is  difficult  to  spread  between 
cover-glasses  owing  to  the  masses  of  white  cells  contained  in  it.  ^ 
Coagulation  is  normal,  three  minutes  or  less  with  Wright's  coagu- 
lometer,  and  fibrin  is  not  increased. 

Red  Cells. 

In  the  earlier  stages  of  the  disease  there  is  no  anaemia.  Later 
the  diminution  in  red  cells  is  moderate,  averaging  about  3,120,000 
in  the  forty-seven  cases  of  Table  VIL  Toward  the  end  of  life  the 
count  of  red  cells  often  falls  below  2,000,000.  The  patients  are 
oJle7i  not  pale  and  may  feel  perfectly  well.  The  haemoglobin  is 
usually  diminished,  the  color  index  being  about  0.6  in  my  cases. 
It  is  difficult  to  read  the  v.  Fleischl  instrument  in  leukaemia,  as 
the  presence  of  so  many  leucocytes  gives  a  muddy  tint  to  the  liquid, 
not  easy  to  compare  with  the  red  of  the  glass. 

Table  VII. — Lkuk.kmia. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


No. 


Highest. 


Red  Cells. 


5,000, 
4.877, 
4,800, 
4,592, 
4,288, 
4,140, 
4,016. 
3,832. 
3,760, 
3,635. 
3,605, 
3.584. 
3,572, 


000 
(XK) 
000 
000 
000 
000 
000 
000 
000 
570 
000 
000 
000 


1 

o 

3 

4, 


6 

7. 

8. 

9 

10. 
11. 
12. 
13. 


No. 


Highest. 


White  Cells. 


1,072.222 
980,000 
820.000 
800.000 
756,000 
748,000 
716.000 
656,000 
626.600 
570,000 
500,000 
492.000 
454,000 


'  Hence  use  a  very  small  drop  and  warm  the  cover-glasses  at  the  last  mo- 
ment before  the  blood  touclies  tliem. 
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Table  VII.— Leukemia  (Canft'nwfti). 


RBdOll.. 

Jio. 

wmie  C^ll*. 

3.400.000 
3.293.000 
3.233.000 
3,300.000 
3,170,000 

IS 

3,080,000 
0,030,000 
3,OTH.00O 
3.010,000 
3,906,000 
3.960.000 
3,9.52.000 
2,938.000 
3,931,800 
3,HftS,00fl 
3,792,000 
3,738.000 
2,715.000 
3.706,000 
3,63M.000 
2,378.000 

2,sao,ooo 

S3 

386,000 

ao  

30 

374.000 

a) 

348  (KM 

Sn  

2.333.333 

2,320,1)00 
2.2r)«.00O 
2.140.000 
2.II3.IW0 
2,000,000 
3,010,000 
3.010,000 
l,t<00.0&4 
1,7.-)6,000 
1.420.000 

1. aw.  000 

I,3.)KI»0 

l,3t)0.000 

4('M,000 

2,700,039+ 

lee.ooo 

i!B 

180,480 

139,000 

47  

4B 

50 

r.i 

03    
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The  striking  jjoint  is  the  presence  of  ri-rt/  numrroiis  vucfi-af'tl  red 
Cflh,  even  in  the  absence  nf  oiiif  sign  of  aiio-niia.  With  over  4,000,- 
000  well-formed  and  well-colored  red  cells,  we  may  have  hundreds 
of  erythroblasts  in  every  cover-glass.  They  are  as  numerous  in 
this  form  of  leukiemiii  as  in  the  worst  forms  of  pernicious  anfemia, 
eveu  though  the  patient  may  lie  feeling  nearly  well.     In  Taylor's 
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cases  there  were  ten  with  10,000  or  less  of  the  nucleated  red  cells 
per  cubic  millimetre,  three  with  10,000  to  20,000,  and  two  between 
60,000  and  70,000.     One  showed  only  360  per  cubic  millimetre. 

Both  normoblasts  and  megaloblasts  may  be  seen,  but  in  most  cases 
the  latter  are  in  the  minority.  In  nine  cases  studied  by  Da  Costa  the 
normoblasts  averaged  4,654  per  cubic  millimetre  and  the  megalo- 
blasts 1,257.  Many  of  the  normoblasts  show  fragmentation  in  their 
nuclei,  and  occasionaly  true  karyokinetic  figures  are  seen.  In  the 
anaemic  cases  we  find  all  the  other  changes  in  the  red  cells  charac- 
teristic of  anaemia,  but  the  nucleated  cells  are  almost  always  more 
prominent  than  in  any  other  form  of  anaemia  of  a  like  severity. 
This  shows  that  nucleated  corpuscles  are  not  to  be  thought  of  as 
evidence  (like  deformities  in  shape)  of  regenerative  or  degenerative 
conditions  only.  A  special  connection  to  the  wide  circulatory  chan- 
nels of  leukaemic  marrow  seems  indicated,  all  the  more  so  as  in  the 
lymphatic  form  of  the  disease  in  which  the  bone  marrow  is  usually 
much  less  affected,  nucleated  corpuscles  are  much  less  numerous, 
appearing  in  relatively  small  numbers  in  the  very  acute  anaemic 
cases  and  not  at  all  in  those  which  are  not  anaemic.  The  proto- 
plasm of  the  erythroblasts  is  usually  polychroraatophilic,  contrast- 
ing in  this  respect  with  the  acidophilic  protoplasm  of  embryonic 
and  infantile  erythroblasts. 

The  variations  in  size  and  shape  correspond  to  the  degree  of 
anaemia  present ;  occasionally,  Le.,  in  cases  seen  early  in  the  course 
of  the  disease,  the  red  cells  are  quite  normal. 

As  the  count  of  the  white  cells  rises,  that  of  the  red  may  fall, 
and  vice  versa;  or  the  red  cells  may  remain  at  a  comparatively  high 
figure  despite  the  progi*ess  of  the  white. 

White  Cells. 

Quantitative  Changes. 

The  average  number  per  cubic  millimetre  in  the  forty-nine  cases 
of  Table  VII..  (the  lymphatic  eases  being  excluded)  was  385,808  at 
the  time  when  the  cases  first  came  under  observation.  The  highest 
count  in  this  series  is  1,072,222  and  the  lowest  98,000. 

Among  the  older  recorded  cases  are  some  in  which  the  white 
cells  were  said  to  be  more  numerous  than  the  red.  The  average 
ratio  in  my  series  is  about  one  white  to  seven  red.  The  highest 
ratio  is  1 :  2,  and  the  lowest  1 :  37.     It  is  best  to  use  the  '*  red  coun- 


VBVKXItIA, 


Taslb  VIII— MvELoiD  hsvustOA. 


t,oi8.ort) 


8,IS(UI(» 

&Ma,(iuo 


PUtTENTlGI. 


« 


Aug.  lOU,  ItW. 
Auk.  Blrt,  IMS. 
Jan.  Hd.  im. 


Apri'l.  loe^,   LaWr 

leucorrus   vu 
nonnu  IOr»e»-. 


ie.ll>T. 


hare  Uie  obir- 


'  Many  cells  on  border-line  between  large  lympliocyleB  and  myelocj-ic 
between  the<<c  and  polymorp  ho  nuclear  ucutropUlJcs. 
■Cerebml  iicmorrliagu.     Death  January  3SUi.  IMM. 


160  SPECIAL  PATHOLOOT  07  THE  BLOOD. 

Table  VIII.— MvELOto  Lbckauia  (Continued). 
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tev  "  with  -.1  dilution  of  1 ;  200  in  counting  the  white  cells,  otherwise 
they  are  often  too  {'rowded  for  eoiivoiiieiK-e.  Hayek  '  ;iiid  ]);i  Costa ' 
have  shown  that  the  leucocytes  luay  vary  enoriuously  in  a  few  linui'S; 
e.,-/.,  10  a.m.,  lL'2,500i  4  i-.m.,  235,000;  or  again,  10  A.M.,T.tO,000; 
4  P.M.,  647,500. 

Id  the  fresh  s]>ecimen  we  notice  thiit  a  large  pro|>nrti(>ii  of  the 
white  cells  are  hut  slightly  nunBhoid,  a  poiut  of  inaikcil  I'oiitrast 
with  leucocj'tosis,  in  which  the  leucocytes  arc  actively  aiuo-lioiil. 
This  is  due  to  the  fact  that  the  myelocytes  which  form  so  largo  a 

'Huvck:  Wicii.  klin.  Wocli,,  ISOT.  No.  Stt 
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portion  of  the  leucocytes  in  thia  disease  possess  little  power  of 
amcEbotd  motiou. 

With  or  witbotil  the  influence  of  therapeutic  agencies  or  after 
splenectomy  the  white  cells  mny  fall  gradually  to  Jioi'uial  and  re- 
main there  for  some  time.  The  patient's  symptoms  may  simulta- 
iieonsly  ameliorate,  or  there  may  he  uo  improvement  but  rather  the 
reverse.  Such  a  ciise  occurred  under  my  observation,  and  the  pa- 
tient, a  tvasherwoinan,  went  back  to  work  and  afterwai'd  passed 
through  an  attack  of  lobar  pneumonia  in  safety. 

At  such  a  time,  when  no  inurenso  in  the  white  cells  is  present, 
we  should  never  s*-spect  leukeenila,  seeing  the  case  for  the  first 
time,  unless  we  ch:  nee  to  make  a  differential  count;  then  the  char- 
acteristic qualitative  changes  (see  below)  may  be  found,  or  the 
blood  may  be  wholly  non-leuksmic,  as  in  a  case  recently  teporf«d 
by  McCrae,  and  in  a  similar  case  slides  from  which  were  recently 
shown  me  by  Iitartiu. 


I.  Myiiloci/tes. 

The  enormous  luimlier  of  inyelocytes  is  the  chief  point  of  int  »r- 
est,  Theaverageiiimy  41  cases  was  32.5  per  cent  (see  Table  VIll  ), 
rising  in  one  case  as  high  as  60  per  cent  and  ouly  4  times  falling 
lower  than  20  per  cent,  but  tliey  may  fall  as  low  as  7.1  per  cent 
(31,950  absolutely),  as  in  one  of  Da  Costa's  cases. 

Taking  tlie  average  total  mirabei-  of  lencocyt-es  aa  325,000  per 
.cubic  millimetre,  the  absolute  number  of  myelocytes  averages  over 
123,000  per  cubic  millimetre.  So  far  as  I  am  aware,  the  highest 
count  of  myelocytes  in  any  other  disease  is  that  mentioned  on  page 
438  in  a  case  of  malignant  disease,  namely,  4,514  per  cubic  milli- 
meb-e.*  The  contrast  is  sufficiently  striking.  I  wish  to  insist  upon 
this  point,  namely,  that  the  blood  of  myeloid  leukaemia  is  abso- 
Intely  peculiar  and  characteristic,  and  could  not  possibly  Iw  con- 
fused with  that  of  any  other  disease.  Ceilain  writers  of  late  years 
have  concluded  that  because  myelocytes  do  occur  in  a  great  variety 
of  diseases  other  than  leukiemia,  therefore  there  is  nothing  pecul- 
iar alwut  the  blootl  of  the  latter  affection.  It  would  be  as  logical 
to  say  that  because  albumin  and  casts  occur  occasionally  in  the  urine 
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of  persons  practically  well,  therefore  there  is  nothing  characteristic 
about  the  urine  of  acute  nephritis. 

At  the  first  glance  the  stained  specimen  of  leuksemic  blood 
seems  to  be  composed  mostly  of  myelocytes,  but  this  is  because  they 
are  on  the  average  so  much  larger  than  the  other  forms  of  white 
cells,  which,  being  packed  away  in  the  interstices  between  the  large 
myelocytes,  do  not  appear  prominently  at  first  sight. 

Although  (as  just  mentioned)  the  average  size  of  the  myelocytes 
is  greater  than  that  of  any  other  kind  of  leucticyte,  there  is  a  great 
range  of  variation  in  their  size,  and  some  are  hardly,  if  at  all,  larger 
than  a  red  cell.  (This  is  equally  true  of  the  myelocytes  as  seen  in 
the  bone  marrow.     See  page  65.) 

The  individual  characteristics  and  variations  in  the  myelocytes 
have  been  already  sufficiently  described  on  page  64. 

2.   Polymorphonuclear  Cells. 

Absolutely  the  numl)er  of  chose  cells  is  gi^eatly  increased,  al- 
though tlie  number  in  each  1,000  leucocytes  is  considerably  dimin- 
ished. The  actual  number  per  cubic  millimetre  averages  over 
200,000  in  my  series,  and  in  nil  but  one  of  Taylor's  17  there  were 
65,000  or  more.  The  average  percentage  in  tin*  41  cases  of  Table 
VIII.  is  47,  the  figures  ranging  between  17  and  72  per  cent. 

The  individual  cells  show  a  much  greatt»r  range  of  variation  in 
size,  staining  properties,  and  the  size  and  sluipe  of  the  nucleus  than 
in  any  other  condition.  In  most  forms  of  loucocy tosis,  for  example, 
one  polynuclear  cell  looks  very  much  like  another,  but  in  this  form 
of  leukaemia  we  are  often  struck  by — 

(rt)    Vei'if  sinnll  cells  or  vfnj  larfjc  cells  (4  ;/  to  20  //  in  diameter). 

(It )   Da  r/C'Sfa  In  ed  or  very  2^*^  lest  a  in  ed  cells . 

(r)  Unusual  shapes  in  the  nuclei. 

(f/)  Variations  in  the  size  and  staining  of  the  granules.  While 
normal  polynuclear  cells  have  granules  nearly  of  one  shade,  the 
leukaiuiic  polynuclear  cells  have  granules  varying  from  yellow  or 
pink  to  purple  or  blue.  Their  size  also  varies  greatly.  Taylor 
fouiul  some  as  large  as  eosinophilic  granules. 

Besides  these  variations,  we  ofU»n  see  cells  apparently  belonging 
to  this  type,  but  whose  protoplasm  shows  no  color  or  granulation 
whatever.  Other  cells  show  a  few  granules  scattered  about  against 
a  perfectly  white  background.  Such  cells  may  contain  basophile 
granules  besides  the  neutrophile. 
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(e)  There  are  always  some  cells  on  the  border-line  between  the 
polymorphonuclear  and  the  myelocyte,  and  in  regard  to  which  de- 
cision must  be  arbitrary.  I  have  lately  been  in  the  habit  of  classi- 
fying such  cells  as  Tmnsitional  Neutrophiles,  Similar  cells  are 
found  in  leucocytotic  and  anaemic  blood  (see  page  102.) 

3,   Lyviphocytes, 

In  percentages  the  lymphocytes  are  reduced  from  their  normal, 
20  to  30  per  cent,  to  an  average  of  10.6  per  cent,  as  in  leucocytosis. 
But  still  if  we  class  together  large  and  small  forms,  their  absolute 
number  is  always  increased.  Thus  the  lowest  percentage  present  in 
Table  Kill,  (namely,  two  per  cent)  would  mean  6,600  out  of  the 
average  325,000,  the  total  leucocyte  count  per  cubic  millimetre,  and 
this  is  three  or  four  times  as  many  lymphocytes  per  cubic  milli- 
metre as  are  present  in  normal  blood. 

The  proportion  of  large  and  small  forms  varies  a  great  deal. 
Da  Costa  found  an  average  of  12  per  cent  large  and  4.5  per  cent 
small  in  his  12  cases.     Sometimes  the  lymphocytes  in  this  form  of 
leukaemia  do  not  differ  from  those  of  normal  blood,  but  in  most 
cases  we  find  the  following  atypical  varieties: 

{a)  Large  lymphocytes  with  a  protoplasm  so  darkly  stained  that 
it  is  difficult  to  distinguish  them  from  myelocytes.  Indeed  in  some 
cases,  when  hints  of  a  granular  look  appear  in  the  violet-stained 
rim,  we  find  it  impossible  to  be  sure  whether  we  are  denling  with  a 
large  lymphocyte  or  a  myelocyte.  The  personal  equation  alone 
decides.  Tliese  v.A\s  are  not  peculiar  to  leukaemia.  TUrck  has 
described  tliem  (under  the  name  of  ^'  Belzufif/sfonnen")  in  most  in- 
fectious diseases,  and  I  have  often  seen  them  in  the  blood  of  ma- 
lignant disease  and  of  pernicious  anaemia.  Taylor  and  Weil  class 
them  as  myelocytes  without  granules. 

(/>)  ('ells  like  lymplioeytes  except  that  they  contain  a  varying 
numl)er  of  granules  of  one  or  more  varieties  (basophilic,  acidophilic, 
or  neutrophilic). 

4 '    tJos in oph  lies. 

Like  all  the  other  varieties  tliese  are  absolutely  much  increased. 
Relatively — by  percentages— they  may  or  may  not  be  so.  In  my 
series  they  ranged  from  1  to  19  per  cent,  averaging  4.4  per  cent,  a 
slight  increase  over  the  normal 

Many  writers,  wrongly  interpreting  Ehrlich's  observations  on 


164  SPBCIAL  PATHOLOOT  OF  THB  BLOOD. 

this  pointy  hare  stated  that  an  increased  pertemia^  of  eosinophilic 
cells  was  the  distinguishing  mark  of  leoluemia,  and  even  recent 
writers  (e.^.,  Gilbert,  Strflmpell)  continue  to  repeat  this  fslse 
statement. 

l%e  edl  most  ekaraeieriatie  of  tplemicm^o^emouM  kmketmiti  u 
not  the  eosinophile  hut  the  m^fdoeyte.  XcTertheless  eosincqihiles  are 
enormously  increased  absolntel j,  and  this  fact  may  be  of  great  diag- 
nostic value.  In  a  case  of  cancer  of  the  marrow  with  an«>ini3^  and 
leuoocytosis  Epstein  ^  found  large  numbers  of  myelocytes  and  nu- 
cleated red  cells,  but  no  eosiuophiles.  The  absence  of  eosinophiles 
in  this  case  sufficed  to  exclude  leuksemia.* 

We  distinguish  several  types  of  eosinophiles  in  leukiemic  blood. 

(a)  Ordinary  (polymorphonuclear)  eosinophiles. 

(V)  Eosinophilic  dwarf  cells  and  giant  eosinophiles.  In  some 
of  these  the  granules  are  also  huge— even  2  /t  in  diameter  (Taylor). 

(c)  Eosinophilic  myelocytes. 

(a)  Needs  no  comment ;  (b)  is  simply  a  very  small  cell  with 
eosinophilic  granules ;  sometimes  such  cells  are  not  over  5  m  in 
diameter.  They  are  not  uncommon  in  this  form  of  leukaemia 
and  are  very  rare  in  any  other  disease.  The  same  is  true  of 
(r),  the  eosinophilic  myelocytes  which  are  very  rare  in  any  other 
disease,  except  pernicious  anaemia,  in  which  they  are  occasionally 
seen. 

These  cells  are  like  myelocytes  except  that  theiV  granules  are 
eosinophilic  instead  of  neutrophilic  (see  Plates  I.  and  II.).  They 
are  found  in  the  marrow  in  considerable  numbers  and  may  consti- 
tute the  majority  of  the  eosinophilic  cells  in  this  form  of  leukaemia. 
Occasionally  we  see  eosinophiles  with  a  few  basophilic  or  neutro- 
philic granules  as  well.  Eosinophilic  myelocytes  are  of  constant 
occurrence  and  great  diagnostic  value  in  leukaemia.  In  no  other 
disease  are  they  equally  numerous.  Their  size,  like  that  of  the 
neutrophilic  myelocytes,  varies  from  8  to  25  ;i  diameter. 

5.   Basoph  lies, 

(a)  The  lymphocytes  may  contain  basophilic  granules  as  in  any 
ordinary  blood. 

'Epstein:  Zeit.  f.  kiln.  Med.,  1896.  vol.  xxx. 

•Yet  Ilirachfelt  and  Alexander  (Berl.  klin.  Woch.,  1903.  No.  11)  report  a 
case  of  myelogenous  leukaemia  (with  autopsy)  in  which  both  eosinophiles  and 
mast  cells  were  al)sent  from  the  cireulating  blood. 


PLATE  n. 

Fio.  1. — Both  this  and  Fig.  2  are  intended  to  be  fac-similes  of  actual  micro- 
■copic  fields. 

(a)  Note  the  cell  between  those  labelled  8  and  0— apparently  a  **  mast  cell.'' 
Such  cells  are  often  seen  in  this  form  of  leukaemia.  With  Ehrlicirs  stain  they 
present  this  appearance.  Basic  stains  bring  out  coarse  blue  granules  in  the 
periphery  of  the  protoplasm. 

(b)  Note  also  the  cell  at  the  extreme  upper  right-hand  comer  of  Fig.  1, 
which  it  is  almost  impossible  to  classify  cither  as  a  myelocyte  or  as  a  ]>oly- 
morphonuclear  neutrophils  since  it  appearsr  to  bo  inlcrmediate  between  the 
two  varieties. 

(<•)  Both  the  nucleated  corpuscles  are  normoblasts ;  9  has  polyohromatoi^hilic 
protoplasm.  The  red  cells  show  scarcely  any  deformities  and  very  slitrht  de- 
ficiency in  coloring  matter. 

Fig.  2. — {a)  Note  the  deformities  in  size  and  shape  of  red  corpuscles,  owing 
to  the  anflpmia  present. 

{b)  No  lymphocytes  are  figured,  as  they  made  up  only  two  per  cent  of  the 
white  cells  in  this  case.     Eosinophiles  were  absent. 

{c)  Note  that  the  contrast  between  this  figure  (leucocytosis)  and  the  one 
above  it  (leukemia)  is  not  in  the  abundance  of  white  cells  but  in  the  kiftd  of 
white  cell  predominating  among  those  present. 


Examination  of  the  Blood. 
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(b)  The  basophilic  or  amphoteric  tendency  of  the  granules  of 
some  of  the  myelocytes  has  been  already  described  (page  64). 

(c)  ^^  Mastcellen,^^  or  coarsely  granular  basophiles,  usually  with 
a  trilobed  nucleus,  are  almost  always  to  be  found  in  specimens 
stained  with  Wright's  stain.  With  the  triple  stain  their  proto- 
plasm is  nearly  unstained,  but  usually  a  number  of  round  white  spots 
can  be  made  out  against  a  faintly  stained  background.  These  are 
the  basophilic  granulations.  Mast  cells  make  up  from  one  to  ten  per 
cent  of  the  leucocytes  in  most  cases  of  myelocy taemia.  Ehrlich  states 
that  they  are  always  present  and  greatly  increased  in  such  cases, 
but  my  experience  and  that  of  Taylor  do  not  confirm  this.  In  2  of 
Taylor's  11  cases  mast  cells  were  absent.  On  the  other  hand,  one 
of  his  cases  showed  over  140,000  mast  cells  per  cubic  millimetre 
(10  per  cent),  and  it  is  undoubtedly  true  that  "an  excess  of  mast 
cells  is  one  of  the  most  trustworthy  signs  of  myelogenous  leukaemia." 
Their  granules  are  not  purely  basophilic  but  metachroiuic. 

6.  Mitoses, 

Leucocytes  showing  mitosis  are  very  rarely  found  in  leuksemic 
blood  and  play  a  negligible  part  in  the  increase  of  the  circulating 
leucocytes.     They  have  no  value  in  diagnosis. 

7.  Pohjm(n'phous   Condition  of  the  Blood, 

Weiss  has  rightly  insisted  on  the  fact  that  in  this  type  of  leu- 
kaemia the  blood  preparations  show  a  very  polymorphoiLs  condition. 
There  are  no  fixed  types,  but  every  variety  shades  through  inter- 
mediate forms  into  some  other  variety.  No  two  cells  are  alike. 
Precisely  the  same  conditions  obtain  in  the  normal  marrow,  and  we 
can  scarcely  resist  the  impression  that  in  this  form  of  leukaemia  we 
see  in  the  blood  unfinished  cells  of  various  kinds  which  usually 
do  not  appear  in  the  circulating  blood. 

As  Charcot-Lt'yden  crystals  have  no  diagnostic  value  and  are  not 
peculiar  to  any  disease,  no  description  of  them  will  be  given  here. 
They  appear  to  be  present  wherever  eosinophiles  are  plentiful,  e,g.^ 
in  astlnna,  gonorrha^a,  in  the  bone  marrow,  etc. 
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<9.  Remi8sio7is, 

During  remissions,  when  the  leucocyte  count  raay  fall  to  nor- 
mal, the  percentage  of  myelocytes  usually  remains  large  and  the 
diagnosis  could  thus  be  made  even  if  we  saw  the  case  then  for 
the  first  time.  This  I  have  observed  in  two  cases,  and  Thayer  and 
Taylor  liave  had  the  same  experience.  But  occasionally  myelocytes 
and  all  other  evidence  of  leukaemia  disappear,  and  diagnosis  in  such 
remissions  is  impossible.  McCrae  and  Martin  have  studied  such 
cases.  During  such  "remission"  occurring  in  anaemic  cases  the 
blood  may  take  on  almost  or  quite  all  of  the  features  of  pernicious 
anaemia.  Two  such  cases  have  recently  been  reported  by  Stengel 
{Med.  NewSy  October  20th,  1902). 

9,  Atypical  Forms, 

Schwpvtz  (Zeit,  f.  ffeUk.,  November,  1901)  has  studied  a  case 
which  at  the  first  examination  showed  40,000  leucocytes,  87  per 
cent  of  which  were  pclynuelear,  with  7  per  cent  lymphocytes  and 
6  per  cent  eosinophiles.  Erythroblasts  were  numerous.  Later 
myelocytes  appeared  and  the  erythroblasts  disappeared. 


II.  LYMPHiEMIA. 
{Lymphatic  Leuktrmia.) 

Tlie  eases  may"l)e  acute  or  chronic. 

The  writer  lias  watched  seven  eases  of  typical  lymphatic  leu- 
kaemia for  ])eriods  of  from  seven  months  to  three  years.  One  pa- 
tient came  over  thirty  miles  from  time  to  time  to  report.  His 
blood  sliowed  little  variation  from  the  following  figures:  Red  cells, 
2,.'^0,88(;;  white  cells,  112,000.  The  differential  count  always 
showed  the  overwhelming  majority  (over  ninety  per  cent)  of  small 
lym])liocyte.s  characteristic  of  the  disease.  The  lymph  glands  were 
all  much  enlarged,  the  spleen  just  palpable.  The  patient  kept  about 
his  work  as  gardener  for  over  two  years.  Another,  in  an  active 
wine  merchant,  was  wholly  unattended  with  symptoms.  The  pa- 
tient first  sought  advice  for  the  unsightly  glands  in  his  neck.  He 
continued  to  feel  absolutely  well  and  to  work  hard  until  life  was 


PLATE  B. 

Fio.  1. — ShowB  Normal  Red  Cells  and  Sixteen  Polynuclear  Leucocytes, 
the  latter  drawn  somewhat  too  large  in  comparison  with  the  red  cells. 

Fig.  2. — From  a  Chronic  Case.  In  some  acute  cases  the  lymphocytes 
are  larger. 
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suddenly  out  short  by  an  attack  of  pneumonia.  I  watched  his  blood 
for  three  years,  and  it  always  showed  typical  lymphaeraia  without 
anaemia.     Grawitz  has  watched  a  similar  case  for  over  four  years. 

The  blood  of  acute  lymphaemia  differs  as  a  rule  in  many  cases 
from  that  of  the  chronic  types.  These  differences  will  be  referred 
to  later  on. 

Red  Cells. 

The  count  of  red  cells  is  often  somewhat  lower  than  in  the 
splenic-myelogenous  form  of  the  disease,  averaging  3,600,000  in  my 
cases.  In  acute  cases  it  is  usually  very  low  and  the  anaemia  pro- 
gresses ra[)idly.  In  the  infantile  cases  collected  by  McCrae,  the 
higliest  count  was  2,350,000.  In  chronic  cases  the  red  cells  behave 
about  as  iu  myelocytlia^mia,  except  as  regards  nucleated  forms. 

A  })oint  of  interest  In  chronic  rases  is  the  rarity  of  nucleated  red 
ceils,  tlie  abundance  of  which  is  so  marked  a  feature  of  splenic- 
myelogenous  leukaemia.  They  may  follow  the  grade  of  anaemia 
present.  In  other  cases  (as  in  one  reported  by  McCrae)  nucleated 
red  cells  are  entirely  absent,  despite  a  reduction  of  the  red  cells  to 
1,680,000.  In  the  eleven  cases  in  infants  collected  by  McCrae, 
there  were  no  nucleated  red  cells  found  in  seven.  In  acute  cases 
tlie  number  of  nucU*ated  forms  is  often  greater  and  may  be  as  great 
as  in  myeloid  leukaemia.  Two  cases  recentl}'  reported  by  Herrick^ 
exemplify  this. 

White  Cells. 

Quanfltntire   Chariges, 

As  a  rule  the  numerical  increase  is  not  so  marked  as  in  the 
splenic-myelogenous  form.  The  average  ratio  of  white  to  red  cells 
is  about  1:50  instead  of  1 : 7,  and  we  rarely  see  counts  reach  the 
height  eomnion  in  the  other  form  of  the  disease.  The  highest  count 
of  my  series  was  1,480,000  at  the  patient's  first  visit,  and  the  low- 
est .'^0,000,  the  average  l)eing  350,000  as  compared  with  438,000  in 
the  myeloid  leiikieinia.     These  figures  refer  to  uncomplicated  cases. 

Uouruiil  of  the  Anuricau  Medical  Association,  July  ^th,  1897. 


Qualitative  Changes. 
1.  Lymphocytes  (small  forms,  large  forms,  or  a  mixture)  make 
up  usually  over  niuety  pet  oent  of  all  the  leucocytes  present.  In 
some  cases  they  are  all  nearly  of  one  si/.e,  while  in  others  we  find 
every  gradation  from  the  smallest  to  the  largest,  so  that  it  is  abso- 
lutely futile  to  attempt  to  separate  them  into  "large"  antl  "small." 
Four  of  my  cases  were  made  up  wholly  of  the  small  forms,  all 
under  10  ;i  in  diameter,  two  were  composed  largely  of  forms  over 
16  n  in  diameter,  while  six  showed  every  intermediate  size. 
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In  acute  cases,  in  which  the  large  cella  usually  predominate, 
the  staiuiug  is  often  very  faint  throughout  the  nucleus  and  ]irolo- 
plasm  (sec  Plato  III.,  t),  so  that  at  first  sight  we  should  think 
something  was  wioug  with  our  technique.  Other  leucocytes  in  the 
same  prepai-ation,  however,  will  stain  normally,  showing  tliat  the 
trouble  is  in  the  lyniphocyt*^s  and  not  in  the  technique.  These 
large  lyiupliocytes  are  identical  iu  their  appearance  with  those 
found  at  the  "germ  centres  "  of  all  adenoid  tissue,  and  probably 
are  the  motlier  cells  of  the  small  lymphocytes.  Benda  has  termed 
them  "lymphogonien."  They  have  often  been  mistaken  for  mye- 
locytes, from  which  they  are  to  Iw  distinguished  by  the  absence  of 
any  neutrophile  granulation.  They  often  show  evidences  of  de- 
generation (see  page  66).  The  protoplasm  may  be  entii'ely  un- 
dliined  as  iu  most  of  the  cells  in  Plate  III.,  li,  m  it  may  stain  pale  - 
•  pink.  Li  other  specimens,  especially  those  of  the  sniall- 
Qrpe  (Plate  III.,  n),  the  lymphocytes  stain  well.  Their  nuclei 
requently  indented  or  even  divided  in  two  (this  occurs  also  in 
Bonu&l  blood,  but  less  often). 

Fraenkel  believes  tliat  if  a  chronic  ease  takes  on  acute  symp- 
toms the  blood  becomes  more  lympbsemie,  while  if  a  case  starts  acute 
and  becomes  chronic  the  lymphocytes  decrease.     Thus  a  case  re- 
ported by  V.  der  Wey '  of  chronic  myeloid  leukaemia  six  weeks  be- 
'  Deut.  Arch.  (.  kUo.  Hed.,  voL  Ivli. 
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fore  death  began  to  have  fevery  hemorrhageS|  great  increase  iu  the 
total  leucocyte  count  and  in  the  anaemia.  No  complication  was 
present.  The  lymphocytes  increased  30  per  cent,  and  the  polymor- 
phonuclear ueutrophiles  dropped  from  30  to  3  per  cent. 

Gerhardt^  watched  a  case  which  began  acutely  with  a  large 
percentage  of  large  lymphocytes  and  then  became  chronic  with  a 
predominance  of  anuM  lymphocytes. 

In  acute  cases  Litten*  has  noticed  fatty  degeneration  in  the 
leucocytes. 

The  following  figures  illustrate  the  influence  of  a  septicaemia 
(from  suppurating  cervical  glands)  which  ended  the  life  of  No.  3  in 
Table  IX. 
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Zeissl's  case,  also  of  the  lymphatic  form,  showed  the  following: 


Date. 

White  celli. 

Peroentaffe  of 
lymphocytes. 

Peroentaffe  of 
polynuclear  oellA. 

Sentember    9tli 

80,000 
118.000 
119.000 
122,000 
140,000 
Pneumonia  began. 
119,000 

98.000 

68,500 

43.500 

50,000 

9,850 

188,200 

172,000 

96. 

97.8 
99. 

88.7 
85.4 
75. 

4. 

**          24th 

♦*          26th 

♦*           29th 

2. 

October   6th 

•»        9th 

1. 

**      lOth 

**      11th 

**      12th 

"      18th. 

•*      14th 

11.3 

"      15th 

14.6 

"      16th  (A.if.) 

"      16th  (P.M.) 

25. 

'  Fifteenth  Cong.  f.  innere  Med.,  1897. 
•Eleventh  Cong.  f.  innere  Med.,  1893. 


PIiATE  III. 

(a)  Chronic  Ljfmphumia  with  Exoeas  of  SmaU  Lymphocytes. 

One  polymorphonuclear  cell  is  present  All  the  rest  arc  lymphocytes  and 
exemplify  the  variations  in  the  morphology  of  the  cell  occurring  in  this  and 
other  diseases  as  well  as  in  health,  0.^.,  variations  in  the  staining  of  the  proto- 
plasm and  nucleus,  indentation  and  even  division  of  the  nucleus. 

Xote  that  the  scale  of  the  whole  of  Plate  III.  is  larger  than  in  the  other 
plates  (sec  scale  of  /i). 

(h)  Acute  Lyfnphamta  witli  Excess  of  Larffe  Lymphocytes. 

Note  the  lack  of  chromatin  in  both  nuclei  and  protoplasm  of  large  lym- 
phocytes. The  plasma  around  them  or  their  extreme  edge  took  most  of  the 
stain.  The  brown  tint  of  the  nnl  cells  is  due  to  undcrheating.  Compare  the 
colors  with  those  in  the  figure  above  (a)  iu  which  the  preparation  was  prop- 
erly himtni. 
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Polymorphonuclear  neutrophiles  are  absolutely  as  well  as  rela- 
tively diminished  in  most  cases.  Indeed  they  are  often  so  scarce 
that  one  has  to  look  through  several  thousand  leucocytes  before 
finding  one.  There  is  nothing  abnormal  about  them — a  point  of 
marked  contrast  with  the  neutrophiles  in  myeloid  leuksemia.  Eosin- 
ojjhiles  and  viyelocytes  are  equally  rare. 

Summary. 

The  leading  characteristics  of  leuksemic  blood  are  as  follows : 
(«)  Myeloid  leukaemia, 

1.  Red  cells  alx)ut  3,000,000 ;   nucleated  forms  very  numerous. 

2.  White  cells  about  450,000,  of  which 

3.  Myelocytes  form  about  thirty  per  cent. 

4.  Every  possible  form  of  cell  intermediate  between  the  ordinary 
varieties  is  to  be  seen.     ("Polymorphous  blood.") 

(i)   Chronic  lymphatic  leukcemia, 

1.  Red  cells  about  3,000,000  or  lower;  nucleated  forms  rare. 

2.  White  cells  about  300,000,  of  which 

3.  Small  lymphocytes  usually  form  over  ninety  per  cent. 

4.  Myelocytes  and  eosinophiles  very  scanty, 
(r)  Acute  lymphatic  leukaemia, 

1.  Red  cells  much  diminished;  nucleated  forms  infrequent. 

2.  Large  forms  of  lympkocytes  usually  predominate  ;  many  of 
them  often  show  signs  of  degeneration. 

3.  Neutrophiles  and  eosinophiles  very  scanty. 

Diagnostic    Value, 

Leukaemia  is  distinguished  by  the  blood  examination  from 

1.  Hodgkin's  disease:  {a)  splenic,  {h)  glandular. 

2.  Tumors  of  the  spleen  and  vicinity  {e,g,,  kidney  or  retroperi- 
toneal glands). 

3.  Enlarge  men  ts  of  the  lymphatic  glands  from  tuberculosiS| 
syphilis,  malignant  disease. 

4.  Hydronephrosis. 

5.  Huge  leuoooytosis  from  any  cause. 

6.  Chronic  malaria. 

7.  Amyloid  disease. 

1.  Leukaemia  and  Hodgkin^s  disease  (lymphadenoma  or  pseudo- 
leukaemia).  Tlie  pathology  of  the  two  diseases  is  identical  but  for 
the  blood  count.     In   Hodgkin's  disease  the  blood  is  normal,  or 
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shows  only  a  moderate  ansBmia  or  leuoooytosis  (polymorphonuclear 
cells  alone  increased),  and  the  diagnosis  is  easily  made. 

2.  Tunwrs  of  the  spleen  and  especially  of  the  kidneif  are  very  apt 
to  be  mistaken  for  lenkssmia.  Within  a  single  year  I  was  asked  to 
examine  the  blood  in  three  cases  of  'MeokaBmia,"  all  of  which 
tamed  out  to  be  malignant  disease  of  the  kidney.  In  all  of  these 
there  was  a  large  tumor  resembling  the  spleen  in  the  left  hypochon- 
drinm,  also  a  very  large  increase  of  white  cells.  In  two  of  them 
the  blood  was  examined  fresh  and  the  great  number  of  white  cells 
in  the  slide  taken  as  evidence  confirmatory  of  leuk»mia.  The 
stained  specimen,  however,  showed  only  marked  leucocytosis  with 
ninety  per  cent  of  polynuclear  cells  of  the  ordinary  type  and  no 
myelocytes.  Other  large  tumors  of  this  region  showed  similar  re- 
sults. Occasionally  cases  of  leuksemia  with  numerous  metastases 
are  described  as  ''sarcomatosis,"  and  then  it  is  asserted  that  the 
blood  of  leuksemia  is  identical  with  that  of  sarcoma.  The  source  of 
the  mistake  is  obvious. 

3.  Adenitis  with  hyperplasia  due  to  tuberculosis  shows  usually 
normal  blood'  and  is  thus  easily  distinguished  from  leukaemia. 
Leucocytosis  is  often  present  in  syphilitic  cases  and  still  more 
marked  in  those  due  to  cancer  or  sarcoma,  but  the  counts  rarely 
reach  30,000  and  myelocytes  are  absent  or  very  scanty. 

4.  One  case  of  hydronephrosis  in  which  the  distention  of  the 
sac  was  so  great  that  it  presented  as  a  hard,  solid  tumor  on  the 
right  hypochoudrium,  was  taken  for  leukaBuiia  by  a  competent 
observer  some  years  ago.  The  normal  blood  examination  re- 
vealed the  mistake,  and  excluded  also  malignant  disease  in  all 
probability.  The  diagnosis  was  reached,  however,  only  at  the 
autopsy. 

5.  Huge  leucocytosis  in  pneumonia  or  malignant  disease  may 
cross  the  old  boundary  line  of  100,000  white  cells,  beyond  which 
none  but  leukaBmic  cases  were  supposed  to  venture.  The  differ- 
ential count  sets  us  right  instantly,  showing  ninety  per  cent  or  so 
of  the  increase  to  be  made  up  of  ordinary  polymorphonuclear 
leucocytes. 

6  and  7.  The  large  spleen  and  cachectic  appearance  associated 
with  chronic  malaria  and  long-standing  suppurations  may  be  easily 
distinguished  from  leukaemia  by  the  absence  of  anything  more  than 
anaemia  and  leucocytosis  in  the  blood. 

*  Sometimes  marked  Icucopenia. 
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Effect  of  Intkbcukiient   Infections. 

There  are  on  record  about  thirty  cases  in  which  leuksemia  (acute 
or  chronic)  has  been  coinplicateil  with  some  intei-curreut  infection, 
with  marked  effect  upon  the  blood  in  all  but  one.  This  single  case 
was  an  acute  rheumatic  arthritis  reported  by  Hichter  in  the  discus- 
sion of  Fraenkcl's  article  in  the  Deutsche  metlwiniscke  Woehenr- 
wchnjt  fur  1895  (Nos.  39,  43,  and  46),  p.  639.  Here  the  Mood 
remained  unchanged. 

Milliter's'  case  of  lymphatic  leukaemia  was  complicated  by  a 
septicBBinia,  and  the  count  of  white  cells  rose  from  180,000  to  400,000 
per  cubic  millimetre,  with  a  marked  increase  in  the  percentage  of 
polymorphonuclear  cells.  Here  was  a  genuine  leucocytosia  added 
to  a  leukeemia. 

With  the  exception  of  these  two  cases,  all  those  hitherto  puli- 
liahed  have  shown  a  marked  progressive  (/eernaae  in  the  total  number 
of  leucocytes  without  any  change  in  the  ]>ei-centages  of  the  different 
varieties  in  twelve,  while  eight  showed,  like  Muller's,  an  increased 
percentage  of  the  polymorphonuclear  celis  despite  the  decrease  in 
the  total  leucocyte  count, 

Marischler,"  in  a  case  of  lymphatic  leukiemia  with  cancer  of  the 
kidneys,  found: 

1.  At  Flnt.  e.  lAier. 

Reiicells  8,450,000  2.400,000 

Wliitt  cells  80,000  48,000 

Htemoglobln SOperceat  80  per  cent 

'  Holler:  Deut.  Arclilv  fUr  kiln.  Med..  18Q2,  vol,  1.,  p.  47, 
'Wien.  kilo.  Wocli.,  July  38d,  1890. 
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1.  At  Tint  2.  Later. 

Polymorphonuclear  cells. 15.6  per  cent.  57.5  per  cent 

Small  lymphocytes 88.8        **  40.0        ** 

Large  lymphocytes 1.8        •*  1.6        ** 

Eosinophiles 18      *•  .16      « 

Myelocytes .16      ** 

Yarious  infections — miliary  tuberculosis,  pneumonia,  grippe, 
erysipelas,  abscess  kidney,  septic  lymph  glands — alike  decrease  the 
leucocyte  count  or  reduce  it  to  or  below  normal.  In  one  case  a  rise 
just  before  death  was  observed. 

Thus  in  Henck's  case  the  leucocytes  fell  from  400,500  to  89,000, 
in  one  of  Muller's  from  246,900  to  57,300,  in  Kov^'s  from  67,000 
to  17,000,  in  ZeissPs  from  140,000  to  9,350.  I  have  already  men- 
tioned  a  case  of  lymphatic  leukaemia  (page  170)  in  which  the  leuco- 
cytes fell  from  40,000  to  under  500,  this  last  being  on  the  day  of 
death.  In  this  case  the  percentages  of  the  different  varieties  of 
leucocytes  remained  entiiely  unchanged. 

Herrick  *  reports  a  case  complicated  by  acute  streptococcus  infec- 
tion in  which  the  white  cells  were  60,000  at  the  time  of  death. 
How  high  they  may  have  lx»eii  earlier  is  not  known 

It  appears,  therefore,  that  when  an  infection  complicates  leukae- 
mia we  may  have — 

1.  No  effect  (see  case  of  rheumatic  fever  as  a  complication,  just 
mentioned). 

2.  A  genuine  loueofytosis  on  top,  so  to  speak,  of  the  leukaemia, 
with  ail  increased  peicentage  of  ])olyniorphonuclear  cells. 

3.  A  decrease  in  the  leucocyte  count  with  or  without  an  increase 
of  polymorphonuclear  cells.  This  decrease  is  by  far  the  most  com- 
mon result  and  may  go  far  below  normal  as  death  approaches. 

Goldschneider '  found  that  by  the  injection  of  splenic  extract 
and  other  substances  he  could  bring  about  a  similar  diminution  in 
the  number  of  leucocytes,  but  that,  as  in  the  case  of  intercurrent 
infections,  this  diminution  was  not  accompanied  by  any  improve- 
ment in  the  patient's  condition,  and  death  followed  as  usual. 

Abscesses  occurring  in  leukijemic  patients  are  filled  with  poly- 
nuclear  leucocytes  as  ordinary  abscesses  are,  and  do  not  contain 
myelocytes. 

^Loc.  cit. 

•Discussion  of  Fraenkers  article. 
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HODGKIN'S  DISEASE. 
{Pseudo-LeukiJtmia ,  Lymphoma,') 

The  diagnosis  of  tliis  disease  is  impossible  without  the  blood 
count.  Yet  the  blood  is  in  no  way  peculiar,  but  presents  in  most 
cases  all  the  characteristics  of  the  normal  tissue.  Its  value  is  as 
negative  evideuce,  telling  us  iu  a  given  case  that  leuksemia  is  absent. 

(I.)  Transitions  from  Hodgkin's  disease  to  leukaemia  have  taken 
place  under  the  eyes  of  competent  observers,  but  they  are  very 
rare.  But  few  such  cases  are  on  record  so  far  as  I  know — that  of 
Fleischer  and  Penzoldt,'  that  of  Mosler,"  and  one  reported  by 
Senator,*  in  which  two  sisters  came  under  observation,  both  suf- 
fering from  Hodgkin's  disease.  One  died  of  it ;  in  the  other  the 
blood  changed  to  that  of  leukaemia  before  death.*  Wende  {Amer. 
Jour,  Med.  Sciences,  December,  1901)  reports  a  typical  example  of 
this  transition. 


Date. 

Red  cells. 

White  cells. 

Heemo* 
ffloblo. 

Remarks. 

April  26tb.. 

July  lOih . . . 

» 

5,128,000 
1,936,000 

4,000 
34.000 

88 

.   a 

Typical  ** Hodgkin's  disease." 
Polynuclears,      68  per  cent. 
Lymphocytes,     2t      ** 
Polynuclears,      8.4     ** 
Lymphocytes,  95.5     ** 

Posselt  (Wieji.  kiln,  JVoch.,  1895,  p.  407)  has  presented  a 
similar  case  ;  on  August,  1892,  the  leucocytes  were  15,000,  with 
60  per  cent  lymphocytes  ;  on  April,  1893,  the  leucocytes  were 
330,000,  with  80  per  cent  lymphocytes. 

Doubtless  many  of  the  other  cases  supposed  to  exemplify  a  simi- 
lar transition  were  really  cases  in  which  a  leucocytosis  arose  owing 
to  some  inflammatory  complication. 

From  tlie  existence  of  these  very  rare  cases  of  a  transition  to 
leukaemia,  it  has  been  supposed,  especially  by  French  observers, 
that  Hodgkin's  disease  is  simply  an  early  stage  of  true  leukaemia, 
and  that  this  would  always  become  apparent  were  it  not  that  the 
patients  die  of  some  intercurrent  disease  l)efore  the  signs  of  leukae- 

*  Deut.  Arch.  f.  klin.  Med.,  vol.  xvii. 

•Ziemssen's  '^Flandlnich  d.  Path,  und  Therap.."  voL  viiL 

•Berl.  klin.  Woch.,  1882.  p.  533. 

^Askanazy  has  recently  observed  the  transition  in  a  case  in  which  the 
blood  was  normal  for  two  and  a  half  years  and  then  leuksemic  for  one  and  a 
half  years  under  observation  (quoted  by  Pinkus  in  I^tothnagel's  '*8pecielle 
Path,  und  Therap.,"  vol.  viii.). 
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mia  have  time  to  show  themselves  in  the  blood.  One  difficulty  with 
this  view  is  that  there  occur  chronic  cases  which  last  from  eight  to 
ten  years  without  any  change  in  the  blood.  Another  difficulty  is 
that  the  transition  is  in  fact  rare,  despite  the  relative  frequency 
with  which  the  disease  is  met  with. 

(II.)  Probably  many  cases  diagnosed  as  Hodgkin's  disease  are  in 
fact  cases  of  glandular  hypertrophy  due  to  syphilis  or  tuberculosis, 
and  this  fact  has  led  many  to  the  belief  that  all  cases  called  Hodg- 
kin's  disease  are  in  reality  only  syphilitic  or  tuberculous  adenitis. 

In  a  consideitible  number  of  cases,  however,  tuberculosis  has 
been  disproven  by  careful  inoculation  experiments  with  the  glandu- 
lar tissue,  and  there  is  no  reasonable  doubt  that  some  cases,  at  any 
rate,  are  not  due  to  tubeixjulosis  or  syphilis.  Probably  the  diagnosis 
can  never  be  made  with  absolute  certainty  during  life.* 

(III.)  The  frequent  occurrence  of  fever  and  other  symptoms 
characteristic  of  an  infectious  disease  has  led  some  writers  to  class 
it  as  such.  In  a  certain  percentage  of  cases  the  disease  (like  leukae- 
mia) has  nm  an  acute  course,  lasting  not  more  than  six  weeks  from 
the  first  symptoms  to  death.  In  some  chronic  cases  the  same  sort 
of  evidence  of  an  infectious  nature  has  been  brought  forward.  Ul- 
cerations occur  in  the  mouth  and  intestine,  through  which  morbid 
products  might  gain  admission.  Various  bacteria  (pyogenic  and 
others)  have  been  found  in  the  blood  and  tissues  from  time  to  time, 
but  numerous  negative  examinations  for  micro-organisms  are  also 
on  record,  and  the  evidence  is  insufficient  to  establish  the  infec- 
tious nature  of  the  disease.  None  the  less,  there  is  a  growing  ten- 
dency among  the  leading  writers  and  observers  in  Germany  and 
elsewhere  to  believe  that  the  disease  will  ultimately  be  shown  to 
be  tuberculous. 

(lY.)  Meantime  most  surgeons  continue  to  regard  it  as  a  form 
of  sarcoma  and  to  treat  it  like  malignant  disease. 

The  Blood. 

Whatever  the  nature  of  the  disease,  we  find  in  tlie  earlier  stages 
of  most  cases  normal  blood,  as  will  be  seen  in  Table  X.  (eases  7  to 
23  inclusive). 

*  The  recent  monographs  of  Reed  (Johns  Hopkins  HospiUil  Reports.  1902, 
vol.  X.,  p.  138),  Siniinons  (.Journal  of  Med.  Research,  June.  \\)()\\),  and  Long- 
cope  (Bulletin  No.  1  of  the  Ayer  Clinical  Laboratory,  October,  1903,  Phila- 
delphia), have  shown  that  there  ?Vf  a  characteristic  histological  j)icture  corre- 
sponding to  Ilodgkiu's  disease,  and  apparently  to  no  other. 
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Table  X. — Uodokis's  DiaKASE. 


i 

A«e. 

i 

F. 

cells.    I    cvlbi. 

Percenl 
BlobC 

SB 

&,5tO,«00'    «.0U) 

Tl 

SU^^"?^  SS- "'*'"*"'■ 

a 

M. 

3,8*8.000;  ae^w 

U 

fifi.s  per  CUD  I. 
LjmpbocjlHi.  1.H  per  renL 

M 

r. 

4,i«e.oin|  x^ouo 

SB 

IV 

F. 

!5.Wf 

• 

» 

K. 

i.iMum 

31.300 

31 

Stained  <pedmeni  nonn«l. 

M 

silw 

SO 

a,i«.uuo 

June  lllb.   Poljauclear,  BS,8  per  cent. 
Hyolocyies,               .t      " 

Ti'sss.a.K:'-"-  — 

T 

» 

tJlKMH 

12.0UO 

u 

PolTnuelear,  00.8  per  eent. 

OW 

w 

* 

tt 

a,T«o,Mn 

7,000 

«s 

to 

H 

s.3eo.<»D 

8,512,000 

'"Km 

PolTauelrflr.            M.6  per  a-at. 

MyelucTtai.                  J(       " 
Nofembernn.    T.  I02>. 

w 

SEs|"fM"'~'S 

3i 

£T 

s 

FebruuTlStb.   CouoiaOO. 

mynHcleftr.            86.0  per  osal. 

, 

In 

IB 

i.fl6n.n» 

a.000 

3.800 

JauiuryDUi.  Count.WO. 

P.ilmiicl«r.              B7.«  per  cent 
SDialUroipbocstes.   SU.fl      ■■ 
Large  lynipbocjUw,  12.B      " 

R«Js  ralber  pMe.    BlWitly  Inepi. 

Jmu^  IStb! 

Hniill  lympbocyla,  3».0       " 
Ijirge  lynuibueyles,  2^       " 
E-Jdopbllet     ,„     aO      " 
HeimliihliwW  =  1.0 

lied,  u  i!l^ror^.  ■ 

Si 

6.200 

178 


SPECIAL  PATHOLOGY  OF  THE  BLOOD. 


Table  X.—Hodobit^'b  Dibeasb  (Continue 


i 


Age. 


13 


14 


15 


16 


44 


28 


37 


^ 


I 


Red 

cells. 


8^868,000 
2.012.000 


Wblte 
cells. 


2.388,000 


2.140,000 


M. 


17       19 


10 
20 
21 

24 


Adult. 


20 


68 


21 


23 


5,990,000 

M.    5,440,01)0 
F 


M. 


M. 


3.000 

8.400 
&.000 


8,400 


4,000 


i:j,500 


9,5(X) 


5,724,000.      fl,H0(J 


:j,»«2,(K)U. 


6,H«) 


5,L'1(UJ(X)  5,(KM) 
:j.H40.(*)0  ^im 
l,(KK»,(lOU 


M.  ■  L',«3(),UI0 


4,KX) 


Peroeot 
hsemo- 
gloUn. 


80 


80 


80 


86 


59 


42 


Remarki. 


February  8Ui«    Polynuclear,  8Mper( 

Lsive  lympbocytfls,  8.6  ** 
Smmll  lympliocytfls,  8ft.  ** 
Eotdnopbltes,  0.        *' 

Reds  as  Jannaiy  81st 

February  13tli.  Folynuclear,  87.4  per  eat. 

Small  lympbocytes,  9L2  ** 
Large  lymplKMTtes,  8.4  ^ 
Eosibopblles«  iJO 

February  28d.   Polynuciear,  70  per  eent. 

Small  lymphocytes,  88  ** 
Large  lymphocytes,  4  ^ 
EoainophUes,  0       ^ 


IUy4tli.    Count  500  cells. 

Polynuciear,  82.0  per  cenL 

Small  lymphocytes.  15.8  **' 
Large  lymphocytes,  2.4  ^ 
EnsTnophiles.  0.0       ** 

No  nucleated  reds.    Reds  stain  ratlier 
palely.     Little    Tariatton    in 
Blight  irregularity  In  shape. 
I£ay28th.    Pobnuclear,  70  per  cent 

Snuill  lymphocytes.  18 
Large  lymphocytes.  12       ** 
Ensfnophiles,  0       ** 

Reds  similar  to  May  4th. 


Folynuclear,    89  per  cent 
Lymphocytes,  26 
EoHluophiles,    5 


44 


Pf^lyniorphonucU'HF  cells,  95  per  cent 
LymphiK'vtcs, 


5 


Death;  autofisy. 


PolyiiH»n»hunuclear  cells,  50  per  cent 
Lyinph<H'yt<*ts  4<)       '* 


DllT.  30J).    P(  )ly in«  irphonuclear  cells,  50.0  per  cent 
Lymj)h<»oyti>s.  46.3 

EosJiioptiilrt*,  1-3 

Myel<M'yte8.  1.7 

I  Blgspkt*n,  jiallori  nusehl«»ed,  debility. 


4. 
»» 
44 


Two  iiioiiths  later. 


Oil 


P«>lvni<»n>bonucleur  i-ells,  ni  jh-p  <"ent. 

L.MnplMM-yl**^.  1" 

P'(»slnf>phil«'s,  .'i 


M.    4,.'»ti«MH)0|      4,(l(l<)    

'       5,8)1)   I 

M. !  4,:.M().a()0       'W'iii    My«-l<)cyu-s,     1  ikt  cent.    Bip  liver  and  spleen. 

Kohinuphilfs,  4 


M. 


3,H0U,(X)0 


1,44^) 


No 
leucooy- 
j    tosis. 


67 


Dlff.  5(10.    P<)lvinon>honu(;U.'Hr  <'«'lls,  71.25  per  cent 
LyinplHH-vles,  2S.()()     '* 

K<«iln(»plilles,  .75      *' 

One  nonii(»Mast. 


Dlff.  3U().    Polyinon>honuclear  cells,  til.H  per  cent 
LMnplKH'vtes,  !irt.5 

F>)sln(.phlh*s,  1.0 

Many  of  the  lymphocytes  have  two  nuclei. 
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Table  X.~Hodokin'b  Disease  (Qmtinusd), 


i 

Aire. 

1 

Red 

cells. 

White 
cells. 

Per  cent 
bsmo- 
globin. 

Renuuio. 

25 

No 

leacocy- 

toris. 

Diff.  800.    Folymorphonucleu'  cells,  41.7  per  cent 
Lymphocvtes,                   48.4 
Eoslnophlles,                    9.8       *' 
Myelocytes,                         .6 

M. 
P. 

» 

4 

No 
leuoocy- 

tOfllS. 

Dlff.  600.    Polymorphonuclear  cells,  00.2  per  cent 
Lymphocytes,                  86.0 
EoslnophUes,                     8.6 
Myelocytes,                         J8       ** 
Two  normoblasts. 

27 

•••••■•• 

Dlff.  600.    Polymorphonuclear  cells,  92.6  per  cent 
Lymphocytes,                    6Je       *' 
Myelocytes,                       2J8       " 
No  eosmophiles. 

38 

No 

leucocy- 

tosls. 

Dlff.  813.    Polymorphonuclear  cells,  62.8  per  cent 
Lymphocytes,                  87.0      " 
Myelocytes,                        .6 

M. 

M. 

M. 

29 

28 

5,218,000 

11,800 

86 

Polynuclear,           61  per  cent 
Small  lymphocytes,  85       ** 
Large          "            7       •• 
EoslnophUes,            7       *" 

tao 

80 

5,280,000 

6,800 

55 

Dlff.    Polymorphonuclear  cells,  76.0  per  cent 
Lymphocytes,                    22.8 
EoBlnophlles,                      1.4 
Myelocytes,                          .8 

No  nucleated  red  cells. 

81 

32 

4,610,000 

2,400 
2,200 

70 

»S 

Dlff.    Poljrmorpbonuclear  cells,  69  per  cent. 
Small  lymphocytes,           19       ** 
Large          "                     18       " 
Eoefnophiles,                      4 

Few  normoblastA. 

*  •  ■  • 

38 

41 

8,520,000 

12,600 

47 

Polymorphonuclear  cells,  69.0  per  cent.   Nov.  28d. 
Lymphocytes,                   28.0      " 
Eosinopbiles,                      8.0      '' 

Polynuclear  cells,  70J2  per  cent    Nov.  28th. 
Lvmphoi^vtes,        29.0       ** 
E<>9lnoph"iles,            .8       ** 

34 

38 

21,300 

90 

35 

54 

23,425 

65 

400  cells. 

•  •  •  • 

•  •  •  • 

•  •  •  • 



Polymorphonuclear  cells,  81  per  cent 
LvmphocvtPft,                    18       ** 
EoslnophUes,                       1       ** 

86 

68 

4,2?2,(j00 
4,112,000 

4,400 

75 

87 

6 

17,200 
4,100 

35 

Dlff.    Polynuclear  cells,  80.1  per  cent. 
Lymphocvtes,        18.8       ** 
Eosinopblles,          1.1       *' 

88 

6 

1,296,000 

MM 

Diff.    Polynuclear  cells,   5.6  per  cent. 
Lymphocytes,        94.2 
Eosinophiles,            .2       **       Autopsy. 

89 

55 

w.noo 

H»l,OflO 
45,400 

11,100 

55 

•    a 

June  18th. 

•  •  •  • 

'•    SOih. 
"    22d. 

40 

20 

85 
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TaBLS  X.— H0I>6EI5*8  DI8EA0E  (Om/f  Alf«tf>. 


-•     Ami' 

z- 
4i!    t: 


H 


Bed 
ceils. 


Wldte 
cells. 


Per  cem 
iupno- 
Klutlii. 


42 


TA 


4,4MM)IK^ 

UJIW 

f       90 

Angnit  811k  Diir.  oont  €3S  ceUt. 

IVil  jnocicw  ceiK    ^7  per  cenl. 
Small  IjBpborjlCi^    i.1 
L««e          -             %A       ^ 
Eodnoplille*.              1^ 
Myeloryiw.                 .4 

aS.OQO 

•  • 

Augnrt  29111. 

».:oo 

•  • 

-     atwi. 

.\7U0 

•  • 

September  Irt. 

42.IJ00 

•  • 

ad,  Wff. 

FM  jDucleu*  ceils.    9S^  per  cent. 
Small  Ijmptmcjtei,   IJ^       ^ 
Lsnre                        4J>       - 
EosiDoptafles,               J& 
NormobLut  No.  1, 
DmUi. 

2E».auo 

75       JAiuniat  loUi. 

Polmuclcsr  cells,    34.6  per  cent. 

SmaU  Ijmpbocjtes.  58.8 

Lanrp          "             5.4       •• 

Eosinopbiles,             IJS       "^ 

2S.400 

■  • 

AmnBtaoui. 

23.000 

■  • 

"      2id,I>iff. 

Polynuclcar  cells,    40.3  per  cent. 
Small  Ijmpboeytes,  37.8 
Lame          '•            17.0       " 
EotOnopblies,              5.1 

As  the  disea.se  progresses  the  haeinoglobin  s(M)n  begins  to  fall, 
later  the  red  cells  do  so,  until,  as  at  tlie  end  of  Case  19  of  the  pres- 
ent series,  the  blood  may  reach  the  severest  grade  of  anseniia.  In 
acute  cases  the  anaemia  may  develop  very  rapidly.  The  usual  quali- 
tative changes  characterizing  severe  secondary  anaemia  may  be 
present. 

White  Cells, 

When  inflammation  arises  in  the  glandular  tumors  and  some- 
times when  none  is  found,  the  white  cells  may  be  greatly  increased, 
even  up  to  a  ratio  of  1 :  80  red  cells,  as  in  Case  1  of  the  present 
series,  and  in  the  case  reported  by  Vaquez  and  Ribierre  (Soc.  M^d. 
d.  Hop.,  1900,  p.  1191),  on  which  between  July  24th  and  August 
27th  the  leucocytes  rose  from  35,000  to  51,000  with  approxi- 
mately 94  per  cent  of  polynuclear  cells  throughout.  Tliere  is,  how- 
ever no  more  resemblance  to  leukaemia  than  in  anv  other  form  of 
leucocytosis,  the  polymorphonuclear  cells  alone  being  increased. 
There  is  no  reason  for  supposing,  as  Reinert '  does,  that  relative 
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Die  ZUhlung  dor  BlutkOrpercbeu,*'  Berlin.  1891. 
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dimiDution  of  the  lymphocytes  is  owing  to  the  diseased  condition 
of  the  lymph  glands,  nor  for  believing  with  Pinkus  (NothnagePs 
"Specielle  Path,  und  Ther.,"  vol.  viii.,  1901)  that  the  relative  in- 
crease of  lymphocytes  w^hich  some  cases  show  is  characteristic  of 
Hodgkin's  disease.  Pfeiffer  ^  has  recently  reported  a  case  of  the 
cutaneous  form  of  the  disease  with  60  per  cent  of  lymphocytes 
out  of  a  total  leucocyte  count  of  6,500. 

As  in  any  other  cachectic  condition,  small  numbers  of  myelo- 
cytes may  be  found.  They  were  seen  in  nine  of  our  cases  out  of 
twenty-five  in  which  a  color  analysis  was  made,  the  highest  per- 
centage being  two  per  cent.  Eosinophiles  are  usually  decreased 
when  leucocytosis  is  present. 

Summary. 

Normal  blood  in  early  stages. 

Later  often  marked  anaemia;  sometimes  leucocytosis 

Diagnostic  Value, 

The  only  help  given  us  by  the  blood  is  in  excluding  leukaemiu. 
Syphilis,  tuberculosis,  or  malignant  disease  might  cause  similar 
changes  or  lack  of  changes  in  the  blood. 


Effects  of  Splenectomy  on  the  Blood. 

When  splenectomy  is  performed  for  abscess,  hydatid,  rupture 
of  the  spleen,  or  other  local  disease,  it  is  followed,  after  a  varying 
number  of  weeks,  by  a  hyperplasia  of  the  lymph  glands,  associated 
with  lymphocytosis.  How  long  this  lymphaemia  lasts  is  not  alto- 
gether clear. 

Later,  after  many  months,  a  moilerate  eosinophilia  may  appear 
and  the  mast  cells  are  increased.  Ehrlich  examined  one  case  six 
months  after  operation  in  which  a  considerable  lymphaemia  existed, 
the  back  of  the  lymphocytes  being  large.  Eosinophiles  were  not 
increased.  In  another  ease  he  found  the  lymphaemia  persist- 
ing in  the  fifth  year  after  operation,  while  the  eosinophiles  were 
between  three  and  four  per  cent.  Li  two  other  cases  he  found  (six 
and  eighteen  months  after  the  operation)  no  lymphocytosis. 

^Pfeififer:  Wien.  klin.  Woch..  1897. 
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In  the  following  table  the  recorda  of  four  other  oase 
Tasub  XL 


2,460,000 
4.680,000 
8.877,000 
4.890,000 


4.700.000 
8.080.000 

8.750,000 


8,000 
80,000 
«5.000 
17.500 
11.700 
11.600 


20,000 
87.000 
8.000 
80.000 


30.000 

18.000 
20,000 


^1 
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Before  opention. 

Three  dsys  after. 

8tv  days  after, 

Porty-elgbt  days  after. 

Four  months  after. 

Five  yean  after. 

(1898,  for  ab»r«M.)  Tbref 
weeks  afl«r. 

Four  moDths  after. 

Opereted  {A  pril  9th.  IBBS) 
for  malarial  hyper- 
trophy with  twisted 
pedicle.    April  28d. 

May  6lh. 

Hay  IStti,  1B»4. 

October  Sd.  1696. 

Operated  for  hypertro- 
phied,  wandering 
spleen.     Before  opeta- 

Seven  daysaft^r. 
Two  mon'tliB  aft«r. 
TliTve  years  after. 


Oiip  point  which  these  cases  clearly  prove  is  tliat  no  o 
of  leucocyte  is  supplied  to  the  Mood  from  the  spleen. 


SrLES'ic  Anemia. 


{Pseudo-Leiikwmia  Splfnin 
I  object  to  tlie  term  "  splei 
gest  that  the  splenic  eiiliirgeineut 
anfetnia,  ami  for  this  thei-e  is  mi 
ever  term  is  iised,  there  is  at  loast  o: 
of  idiopathic  amrmia  oceiirring  ti 
enlarged  spleen  which  deserves  noti 


ith  Ktilargrd  Spleen.) 
because  it  seems  to  sug- 
iu  some  way  the  cause  of  the 
fficient  evidence.  Hut,  what- 
poiut  about  tlie  bloml  of  eases 
adults'  ami .  ns.,sociated  with 
>.     Tills  is  the  leucopenia.     In 


'  I  do  not  wish  at  tills  iioiiit  to  discuss  ttiu  siguiCcaucc  of  similar  c 
children.    See  page  SID. 
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Osier's  article  {Am.  Jour.  Med.  Sciences,  January,  1900)  the  fol- 
lowing counts  ara  recorded : 
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In  eiglit  of  these  twelve  cases  the  leucocytes  were  markedly  sub- 
normal. Ill  some  of  my  cases  (see  following  table)  this  abnormality 
is  still  more  evident. 


Splenic  Anemia. 
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Splenic  Ammuia  (Continued). 
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Splenic  An^kmia  (Con<i'nu«if). 


2.4M.OO0 
4,812.000 


B«peat«d.     PolfDuclear,  1)0$. 
Ljmphocvtes,  B3.  per  cent. 
EosinopliiW,      1.        " 
(No  nucleated  In  160.) 
July  27lii. 
July  aisi. 
August  lllh. 
August  30tli. 

November  ISlh.     Following 
July  lill),  dofng  well. 


Warthin  has  recently  (Trans.  Assn.  Am.  Phijs.,  1903)  called 
attentioii  to  the  fact  that  ui  some  cases  of  this  type  there  ia  stenosis 
with  calcification  in  the  portal  vein. 

Hoeke  {Bed.  kUn.  Woch.,  April  21st,  1902)  has  reported  with 
autopsy  a  case  very  similar  in  all  respects  to  those  of  Osier  (Hanti's 
type).     The  blood  showed : 


8,750,000        3,200  lo  5,800;       7  grammes.       Lymphocytes  greatly  iu- 
near  death,  crcasea. 


Yet  Hocke  considers  it  congenital  lues  I 


PART  n. 

AOUTB  UIFEOnOXTS  DISBASBS. 


CHAPTER  m. 

INFLUBNCE  OP  INPECTI0U8  FEVERS  ON  THE  BLOOD. 

Some  of  the  blood  changes  found  in  acute  infections  are  to  be 
regarded  as  due  simply  to  the  fever  associated  with  the  disease. 
It  is  worth  while,  therefore,  to  consider  what  tererper  se  can  do  to 
the  blood. 

Maragliano  ^  and  others  have  shown  that  during  fever  from  any 
cause  a  contraction  of  the  peripheral  vessels  occurs.  When  fever 
disappears,  whether  spontaneously  or  from  the  action  of  antipyretics 
(phenacetin,  quinine,  etc.),  a  dilatation  of  the  vessels  follows. 

Following  the  laws  to  which  we  have  so  often  alluded,  the  con- 
traction of  the  vessels  causes  a  concentration  of  the  blood  with  rise 
in  speciiio  gravity  and  in  the  number  of  blood  cells  per  cubic  milli- 
metre. This  concentration  is  still  further  increased  by  the  greater 
loss  of  water  which  the  organism  suffers  during  fever  tlian  under 
normal  conditions. 

The  effect  of  these  two  influences  in  increasing  the  number  of 
red  cells  per  cubic  millimetre  is,  however,  counteracted  to  a  consid- 
erable extent  by  the  sharing  of  the  blood  in  the  general  tissue  de- 
struction which  goes  on  with  increased  rapidity  during  fever.  Many 
corpuscles  are  thus  destroyed,  but  until  the  temperature  falls  the 
anajmia  is  covered  up  by  the  concentration.  When  the  fever  leaves 
the  patient  th(M'e  is  a  sharp  fall  in  the  number  of  cells  per  cubic 
millimetre,  due  partly  to  the  destruction  of  corpuscles  (hitherto 
masked  by  concentration)  and  partly  to  the  dditfion  of  the  blood 
which  is  the  result  of  the  post-febrile  dilatation  of  the  peripheral 
vessels  above  mentioned.  The  suddenness  of  this  fall  in  the  count 
is  proportional  to  the  suddenness  of  the  fall  in  temperature. 

The  alkalinity  of  the  blood  has  been  often  said  to  be  diminished 

^  Zeit.  f.  klin.  Med.,  vols.  xiv.  and  xvii. 
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in  fever,  but  recent  research  tends  to  show  that  these  results  were 
obtained  by  faulty  technique,  and  it  is  doubtful  whether  the  reac- 
tion of  the  blood  shows  any  constant  changes  in  fever. 

Leucocytes  and  fibrin  show  no  constant  changes,  though  in  the 
majority  of  infectious  fevers  they  are  increased.  The  tendency  of 
the  granules  of  polynuclear  cells  to  lose  or  change  their  staining 
affinities  in  infectious  disease  has  been  noted  by  Ewing,  Stengel,  and 
Hirschfelt. 

In  the  active  stages  of  the  great  majority  of  infections  the  poly- 
nuclear cells  become  increased  at  the  expense  of  the  other  forms  and 
the  eosinophiles  become  very  scarce  or  disappear.  In  convalescence 
these  changes  are  reversed,  the  polynuclears  sink,  the  eosinophiles 
rise  above  normal,  and  for  two  or  three  months  after  the  fever  these 
latter  conditions  often  persist  in  the  blood. 

PNEUMONIA. 
The  Blood  as  a  Whole. 

{a)  Bacteriology. — The  diplococcus  lanceolatus  has  been  repeat- 
edly found  in  the  blood  of  pneumonic  patients,  especially  in  those 
in  whom  there  has  been  some  secondary  diplococcus  infection  (e.^., 
diploccoccus  endocarditis). 

For  example,  Sittniann  '  out  of  16  cases  found  diplococci  in  the 
blood  of  6,  most  of  which  were  complicated  with  ^  lesions  in  other 
organs,  and  4  of  which  were  fatal,  while  of  the  10  whose  blood  was 
sterile,  9  ended  in  recovery.. 

Boulay  '  found  the  organism  in  2  cases  shortly  before  death. 
Belfanti '  found  it  but  G  times  out  of  a  large  number  of  cases,  and 
of  these  G,  o  were  fatal.  Goldschneider  *  and  Grawitz*  got  similar 
results.  Colin  *  in  32  cases  found  the  organism  in  9  ;  7  of  these 
were  fatal.  The  other  2  had  empyema  and  other  evidences  of 
metastatic  action  of  the  pneumococci.  White  (Jour,  of  Exp.  Med., 
1899,  p.  425),  ill  his  very  thorough  study  of  19  cases,  got  positive 
results  in  3— all  of  which  proved  fatal,  as  did  7  of  the  16  negative 

'  Deut.  Arcliiv  f.  klin.  Med..  1894,  p.  323. 
•'' Paris  Thesis,  1891. 

'Hifonnsi  Medica.  Naples,  1890,  No.  37. 
*Deut.  med.  Worli..  189'^,  No.  414. 
*Grawitz:  Cliariti'-Aiinalen.  vol.  xix. 
«Cobn:  Deut.  med.  Woeh..  1897,  No.  9. 
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eases.  Beeo  ^  studied  49  oases.  Twenty  of  these  ended  btally, 
and  of  these  20  there  were  6  whose  blood  showed  puenmoooooi 
by  culture  and  1  from  which  Friedlftuder's  bacillus  was  cultivated. 
Out  of  29  cases  ending  in  recovery  only  2  showed  cocci  in  cultures 
from  the  blood.  If  large  numbers  of  colonies  can  be  cultivated 
from  the  peripheral  blood,  Beco  considers  the  prognosis  grave.  A 
few  colonies,  however,  are  of  no  significance  in  prognosis.  Fraen- 
kel  has  obtained  over  900  colonies  from  one  puncture.  Their  viru- 
lence was  less  than  that  of  those  in  the  sputa,  showing  apparently 
the  effects  of  the  blood's  antitoxic  power.  Nevertheless,  it  is  prob- 
able that  the  presence  of  pneumococci  in  the  blood  is  a  bad  prog- 
nostic sign.  The  most  recent  observations  made  with  5  to  10  c.c. 
of  the  blood  well  diluted  in  nutrient  bouillon  have  shown  a  larger 
percentage  of  positive  results.  Thus  Pieraccini  *  was  successful  in 
11  out  of  28  cases,  and  Silvestrini  *  in  15  out  of  16,  Berghini  *  and 
Prochaska  *  in  almost  every  case,  even  the  most  favorable. 

(b)  Coagulation  is  remarkably  rapid,  and  in  fresh  specimens  the 
fibrin  network  is  very  thick  and  appears  within  a  few  minutes,  ex- 
cept in  the  i*are  cases  with  subnormal  leucocytes.  Here  it  may  be 
absent  or  diminished. 

(c)  In  cases  with  cyanosis  the  blood  is  often  concentrated  at  the 
periphery  so  that  its  specific  gravity  is  high  and  the  number  of  cor- 
puscles large. 

{(T)  Monti  and  Berggrttn "  observed  that  in  children  the  specific 
gravity  was  high  throughout  the  course  of  the  disease,  falling  with 
the  temperature. 

The  toxicity  of  the  blood  is  doubled  ( Albu :  Virchow's  Arcktv, 
vol.  cxlix.). 

Bed  Cells. 

During  the  fever  the  red  cells  are  approximately  normal  (unless 
increased  by  cyanosis);  but  after  the  crisis  there  is  ofUMi  slight 
anaemia,  and  sometimes  a  severe  one.  The  haemoglobin  is  more 
markedly  and  more  lastingly  reduced  than  tlie  number  of  red  cells. 

»  Beco:  Revue  de  Med.,  18d9,  July  lOtli. 

'Pieraccini:  Centralbl.  f.  allg.  Path.,  1900,  vol.  xi..  p.  470. 

'Silvestrini:  Centralbl.  f.  allg.  Path.,  1900,  vol.  xi.,  p.  447. 

*  Berghini:  Ref.  from  Qrawitz,  p.  516. 

'Prochaska:  Deut.  Arch.  f.  klin.  Med.,  1901,  vol.  Ixx.,  p.  559. 

•  Arch.  f.  Kinderheilk.,  vol.  xvii. 
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A  more  interesting  and  important  observation  was  mudu  by 
TUrck  iu  1898,  viz.,  that  when  the  infection  is  severe  or  tlie  patient 
of  low  vitality  nucleated  led  cells  (mostly  normoblasts)  may  appear 
iu  tlie  peripheral  blood.  In  all  Turok's  cases  megaloblasts  as  well 
as  normoblasts  occurred,  but  the  latt«r  were  greatly  in  tiie  niajoiity. 
Dr.  liadger  and  I  studied  a,  most  interesting  ease  of  this  type  in 
1898.  The  pneumonia  ran  a  sevei-e  course  and  was  followed  by  an 
empyema  which  proved  fatal.  The  blood  counts  were  made  for  the 
most  part  after  the  crisis.  At  autopsy  the  man-ow  of  tbe  femur 
I   wa.s  bright  red  from  end  to  end.     The  blood  showed  the  following  i 
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Maragliano  bas  noticed  "  degeuerative  "  changes  in  the  red  cells 
in  severe  cases. 

White  Corpuscles. 

1.  Probably  as  early  as  the  time  of  the  oliill,  and  certainly  within 
I  a  few  hours  after  it,  the  leucocytes  are  greatly  increased,  and  usu- 
I  ally  continue  so  througliout  the  febrile  period. 

2.  There  is  no  correspondence  between  the  daily  variations  in 
[  temperahire  and  the  leucocyte  curve.  In  cases  in  which  a  pseudn- 
y  crisis  occura  (tlie  temperature  falling  but  rising  again),  the  leuco- 
V  cyto  count  usually  remains  high,  while  at  the  time  of  the  tnie  crisis 
I  end  often  a  few  hours  before  it  the  leucocytes  begin  to  fall.     This 

fall,  however,  is  hardly  ever  by  "crisis,"  but  though  starting  perhaps 
I  a  littU  before  the  temperature,  it  is  one  to  two  days  longer  in  reach- 
I  ing  normal.  When  the  temperature  reaches  normal  by  lysis  the 
E  leucocytes  fall  with  it,  but  generally  more  slowly,  and  reach  normal 
I  later. 


i 
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3.  When  resolation  is  delayed  the  leucooytoeie  eontumeSy  some- 
times for  weeksi  and  very  gradually  falls  to  normal  in  cases  in 
which  resolution  eventually  occurs  without  complication.  If  ab- 
scess, empyema,  or  gangrene  follow,  the  leuooc]rtes  usually  become 
still  further  increased. 

4.  The  decree  of  leueoeytoM  is  probably  the  resultant  of  the 
factors  mentioned  on  page  97,  and  does  not  run  parallel  to  the  de- 
gree of  fever  or  the  amount  of  luug  involved.  Nevertheless,  cases 
with  extensive  signs  in  both  lungs,  and  especially  those  complicated 
by  empyema  or  other  suppui*ation,  are  more  apt  to  have  very  high 
counts,  provided  the  '^  reaction  "  of  the  patient  against  the  infection 
is  vigorous.  Children  have  especially  high  count  as  a  rule  (see  ex- 
ception below).  The  cases  appear  to  fall  into  the  following  groups 
as  regards  the  degree  of  leuoocytosis  present: 

1.  Mild  infection,  vigorous  reaction  =  slight  leuoocytosis. 

2.  Severe  or  moderate  infection,  vigorous  reaction  =  marked 
leuoocytosis. 

3.  Severe  infection,  feeble  reaction  =  no  leuoocytosis. 

(a)  The  patients  in  Class  1  all  recover,  but  they  are  very  few  in 
number,  {b)  Those  in  Class  2,  which  includes  over  nine-tenths  of 
all  cases,  may  or  may  not  recover,  according  as  the  fight  between 
patient  and  disease  comes  out  one  way  or  the  other. 

(c)  Those  in  Class  3  almost  invariably  die  ;  there  is  not  sufficient 
of  a  struggle  to  raise  the  leuccxiyte  count.  A  striking  exception  to 
this  rule  is  reported  by  Stockton  {Fhll,  Med,  Jour,y  June  2oth, 
1898),  a  case  of  lobar  pneumonia  in  a  child  of  eight  with  three 
relapses  and  a  total  course  of  sixty-eight  days.  At  the  lieight  of  the 
second  relapse  the  blood  was  examined  and  sliowed  only  4,000 
leucocytes  per  cubic  millimetre.  Of  these  there  were  44  per  cent  of 
polymorphonuclear,  50  per  cent  small  lymphocytes,  G  ])er  cent  large 
lymphocytes.  In  the  second  apyretic  interval,  sixteen  days  after 
the  first  examination,  the  count  stood  7,840  leuc(x;ytes  per  cubic 
millimetre.  Of  these,  34  per  cent  were  polymorph(muclear,  60  per 
cent  small  lymphocytes,  and  20  per  cent  eosinophiles,  4  per  cent 
large  lymphocytes  (?). 

After  the  third  seizure  (three  weeks  later)  the  leucocytes  were 
10,080,  with  polymorphonuclear  45  per  cent.  Small  lymphocytes 
46  per  cent,  eosinophiles  8  per  cent,  large  lymphocytes  1  per 
cent. 

On  the  sixty-eighth  day  (in  eonvalescenetO  the  blood  showed : 
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Bed  cells,  4,952,000;  white  cells,  7,600;  hfeiiifiglobiii,  90  [jer  ceul. 
Polymorphouuclear,  57;  small  lyiiipliocytes,  36;  large  lyiii phocy lea, 
2.5;  eosinophiles,  4.5, 

Very  possibly  this  infection  may  have  been  due  to  some  other 
organism  than  the  diplococcus  lauceolatus. 

When  either  the  patient  or  hia  disease  easily  gains  the  inast«ry 
there  ia  no  leucocytosis,  or  a  very  slight  one;  but  in  the  much  larger 
class  of  cases  in  which  the  struggle  is  a  fierce  one,  leucocytosis  ap- 
pears, whichever  ttrai/  the  struggle  results. 

Pick '  noted  that  pneumonia  complicating  smallpox  when  the 
patients  were  already  very  sick,  caused  no  leucocytosis,  and  the  same 
is  often  true  in  those  whose  power  of  resistance  is  reduced  by  age, 
alcoholism,  typhoid,  or  by  some  chroiuc  disease. 

Von  Jaksch,  noticing  the  fatality  of  cases  without  lencocjtosia, 
suggested  that  we  should  induce  leucocytosis  by  injecting  turpen- 
tine or  other  irritants  so  as  to  cause  abscess;  but  this  has  not  proved 
of  any  benefit  to  tlie  patient,  nor  has  the  production  of  leucocytosis 
without  abscess,  as  can  be  done  with  pilocarpine  or  nuclein,  been 
any  more  successful.  There  is  no  difficulty  in  producing  the  leuco- 
cytosis by  these  means,  but  all  observers  are  agreed  that  it  does  the 
patients  no  good. 

Leucocytosis  is  checked  by  antipyretics  (Hare  *)  but  uot  liy  cold 
bathing,  which  speaks  in  favor  of  the  latter  method  of  rednoing 
tempei-ature. 

The  general  course  nf  the  leucocytes  is  seen  in  the  accompanying 
charts  fi'om  Billings,  to  wliose  excellent  article  I  am  greatly  in- 
debted. 

Qualitative  Chanifea. — As  in  most  forms  of  leococytoais,  the 
polymorphonuclear  leucocytes  are  enormously  increased  both  abso- 
lutely and  relatively,  often  making  over  eighty  per  cent  of  all  the 
white  cells.*  Eosiuuphiles  and  blood  plates  disappear  and  the 
]ymi>lioeytPS  are  absolutely  and  relatively  much  reduced.  After 
the  crisis  this  is  reversed,  the  poly moi-jihomi clear  forms  falling 
often  below  sixty  per  cent,  while  the  eosinophiles  and  IjIockI  plates 
are  above  normal.     Tije  return  of  the  eosinophiles  to  t!ie  circulation 

'Arch.  f.  Dennat.  midSj-pli.,  vol.  xxv.,  p.  63, 
'New  York  Medical  Keionl,  May  Bth,  18U6, 

•Lop«r  'jelieves  iliat  if  llie  polyouclear  cells  make  up  from  ninety  to 
olnety-flve  percent  i>r  all  lUo leucocytex,  the  prognosis  Is  very  buJ  (Arch,  de 


mM,  exp..  18W.  p.  724). 
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As  to  the  ciifferential  count  in  the  (fatal)  cases  in  which  lenoo- 
Ijf  tosiB  is  almeul,  data  are  eeaiitj'.  Itiegauaki  thought  the  polymor- 
tonaclear  varieties  decreased,  Kiedei-  found  theiu  increased,  while 
Mllioga  found  tlieiti  normal.  No  general  law  can  he  stated  on  this 
•  yet." 

Ill  a  case  of  bronchopneumonia  complicating  pertussis  studied  at 

i  Massachuaelts  General  Hospital  in   1894,  the  conditions  were 

Wtirely  different  from  those  just  stated.     The  patient,  a  girl  of  six, 

iad  at  entrance  72,100  leucocytes  per  cubic  milliiuetre.     Two  days 
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after  the  eount  was  94,riO0.     A  differential  count  made  at  the  same 
time  allowed  tliat  the  small  lymphocytes  made  np  66  per  cent  of  all 

'  JodopMlia  la  pri'RPDt  nnil  marked  in  pruclicuUy  oil  cases.  Diidd  lias  noted 
ihnt  wlilU'  in  iwtes  eadltig  witli  crisis  and  resolution  iLe  n-oction  diuppeara 
iu  a  day  or  lwi\  it  pcnIsLi  in  iliosc  with  dcluyvU  rcsoluilon. 
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the  91,600  leucocytes  per  cubic  inilUiuetre.  The  polyinorphoDiiclea» 
cells  were  reduced  to  30  per  cent.  Lymphatic  leiikieiuia  was  thought 
of,  but  the  leucocytosU  was  goue  in  ten  days,  and  within  a  fort- 
night the  patient  left  the  hospital  well.  In  the  light  of  recent 
studies  in  pertussis  this  is  now  explicable  (see  page  2^).' 

Diaynostir  and  Prognnttie    Value. 

1.  In  cases  of  so-called  "central  pneumonia"  in  which  the  ^mp- 
toms  but  not  the  physical  sigus  of  the  disease  are  manifest,  the 
presence  of  a  well-marked  leucocytosis  is  often  of  great  diagnostic 
vatue.  It  excludes  malaria,  typhoid,  aud  uncomplicated  grippe  as 
causes  of  fevev,  and  if  scarlet  fever  and  suppuration  can  be  excluded 
by  other  evidence,  It  makes  pneunnmia  very  probable. 

I  have  repeatedly  seen  the  diagnosis  of  pneumonia  made  in  the 
absence  of  physical  signs  and  largely  on  the  evidence  of  the  blood 
count,  the  diagnosis  being  coufiiiued  several  days  later  by  the  ap- 
pearance of  typical  signs  of  consolidation.  In  a  patient  of  Dr.  F. 
C.  Shattuek*s,  sick  five  days,  yet  showing  no  signs  of  consolidation 
of  the  lung,  the  preseiiee  of  a  marked  leucocytosis  excluded  typhoid, 
the  only  other  likely  diagnosis,  and  led  Dr.  Shattuck  to  treat  the 
case  as  pneumonia,  the  wisdom  of  which  course  was  luter  demon- 
strated by  the  ap|>earaiice  of  signs  of  consolidation. 

2.  Between  pneumonia  and  capilhtry  bronchitis  the  coudition  of 
the  blood  is  of  no  help,  as  the  latter  also  causes  leucocytosis,  and 
some  cases  affecting  the  larger  tubes  do  tlie  same, 

3.  In  cases  of  pneumonia  occurring  in  very  old  or  very  young 
people,  in  which  the  fever  and  symptoms  m.ty  be  very  slight,  the 
presence  of  leucocytosis  may  be  the  first  thing  to  direct  our  atten- 
tion to  the  lungs,  dyspnoea  and  cough  being  absent. 

In  pfognotit,  the  important  point  is  that  the  abgnnee  afleux^ocytoni 
u  a  very  bad  tign,  while  its  pre»ence  is  neither  gtwd  nor  bad.  It 
must  be  remembered  also  that  in  the  very  mildest  cases  we  may  find 
the  same  absence  of  leucocytosis  which  in  any  oilier  but  the  mildest 
would  be  almost  surely  fatal. 

This  last  point,  which  appears  to  nie  of  great  importance,  is 
illustrated  by  the  following  figures: 

Halla  reported  14  cases;  2  had  no  leucocytosis,  and  both  were 
fatal. 

'  Stienon:  Jour,  de  Med.,  de  Chirurg.  et  de  Pharm.,  Bruxflles.  1895.  r.  iv., 
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Billings  reported  22  cases;  1  had  no  leucocjtosis  and  was  fatal. 

Laehr  with  16  cases,  and  Kieder  with  26,  got  similar  results. 

Ewing  in  101  cases  found  leucocjtosis  absent  in  6;  6  were  fatal. 

Von  Jaksch  and  Kilodse  likewise  maintain  that  the  absence  of 
leucocytosis  is  usually  fatal. 

In  our  series  842  cases  have  been  studied.  In  general  they 
entirely  confirm  the  results  obtained  by  Billings  and  summarized 
above :  90  of  them  presented  no  leucocytosis  at  any  time,  and  of 
these  83  were  fatal;  another  one  seemed  moribund  but  finally  re- 
covered. 

The  evidence,  therefore,  is  in  favor  of  the  view  that  when  leuco- 
cytosis is  persistently  absent  in  any  but  the  mildest  cases  the  prog- 
nosis is  almost  fatal.  The  presence  of  leucocytosis ,  on  the  other  hand^ 
is  no  guaranty  whatever  of  a  favorable  issue. 

Reappearance  of  eosinophiles  is  a  favorable  sign  in  most  cases. 
Indeed  Becker  {Dent,  med,  Woch.,  1900,  p.  558)  states  that  he  has 
never  found  eosinophiles  in  fatal  cases.  The  counts  at  the  time  of 
entering  the  hospital  may  be  summarized  as  follows : 

Cases  with  leucocytes  under  10,000  =  90    (83  of  these  fatal) 

between    10,000  to   15,000  =  126 
15.000  "    20,000  =  192 
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Bronchopneumonia, 

In  sixty-eight  cases  of  bronchopneumonia  recorded  at  the  Mas- 
sachusetts General  Hospital,  the  following  counts  are  recorded : 

Counts. 

Between    5,000  and    10,000  =  10 

10,000    "       15.000  =  18 

15,000    "      20,000  =  25 

"         20,000    ^       25.000  =  24 
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iwwii  25.0>»   - 

80.000  = 

ft 

SO.OOO    - 

35,000  = 

8 

8.1.0()ti    - 

40.000  = 

1 

■10.000   - 

«,00i>  = 

3 

45,0(»0    " 

50,000  = 

3 

ao.ooo  " 

63.000  = 

1 

"       100.000    " 
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The  highest  counts  in  this  series  were  iii  a  case  of  broDoho- 
iimouta  in  a  baby  of  fifteen  months.  As  the  lymphocytes  made 
Jie  hirgfr  jMirt  of  the  increase,  and  as  the  cougli  came  iu  parox- 
,s  with  gi'eat  cyanosis,  pertussis  was  suspected.  This  case  has 
ady  Iwen  referred  to  on  page  106,  and  a  similar  case  is  recorded 
page  193. 

TYPHOID  FEVER. 

Saeterioloffy  of  the  Shod. 

Although  it  has  long  been  known  that  the  baeitli  of  Ebeith 
Muld  occasionally  be  found  in  the  circulating  blood  or  in  the  rose 
spots  of  typhoid  cases,  yet  it  is  only  within  tlie  last  few  years  that 
such  findings  have  been  sufficiently  constant  to  be  of  any  practical 
value  in  diagnosis.  The  earlier  investigators  found  the  organism 
but  seldom,  probably  because  they  used  too  small  quantities  both  of 
blood  and  of  nutrient  bouillon.  Using  a  larger  amouut  of  blood 
and  diluting  it  well,  it  seems  that  bacilli  can  be  found  in  the  blood 
of  mostcases.  Thus  Busquet  {Presse  Mid.,  June  21st,  1902)  found 
them  in  alt  of  43  cases,  generi^lly  at  lirst  examination. 

SchottmUller  {Munch,  vied.  Worh.,  September  23d,  1902)  was 
successful  iu  182  out  of  220  cases  (82  per  cent),  occasionally  iu  the 
first  twenty-four  hours,  often  by  the  fifth  day,  always  iu  the  second 
or  third  week.  The  bacilli  were  not  found  after  normal  temperature, 
but  returned  in  relapse  and  recrudescence. 

Neufelt,' Curschmaun,'  Scholz  and  Krause,'  and  Richaidson' 
have  succeeded  in  cultivating  the  bacilli  from  the  rose  spots  in  a 
total  of  46  out  of  5C  cases. 

'Neiiffll;  Zeil.  f.  Hyg.,  x\\.,  3,  p.  499. 

' Cursclimumi :  Slilncli.  incd.  Wocli.,  1899,  p.  159T. 

'Scliuiz  and  Kraiisc:  Zcit.  f.  klin.  Med..  1900,  vol.  \\i.,  p.  405. 

•Richai'dson:  Phil.  Med.  Jour.,  March  3il,  190(1. 


Quiiiitttative  Changes. 

1.  The  hloml  plates  are  usually  scanty,  and  the  amount  at  fibrin 
is  diminished.  In  one  of  TUrck's  cases,  blood  plates  and  fibrin 
were  iieaily  absent,  and  a  hemorrhugic  diathesis  developed.  He 
considers  a  rapid  falling  off  of  the  amount  of  fibrin  and  blood  plat«s 
a  bad  prognostic  sign,  but  in  a  case  of  hemoiTliagic  typhoid  I'eported 
by  Hamburger  (Johns  Hopkins  Hospital  Reports,  vol.  viii.)  recovery 
took  place,  although  the  coagulation  time  was  ten  minutes. 

2.  Specific  gravity  follows  the  coiu'se  of  the  hseuioglobiii. 

3.  The  general  efEects  of  fever  (see  page  186)  are  in  part  ac- 
countable for  the  changes  next  to  be  described,  while  some  of  them 
are  more  peculiar  to  typhoid  fever. 

Bid  CelU. 
In  Thayer's  admirable  study  (Johns  Hopkins  Hospital  Reports, 
Tol.  viii.)  we  find  the  following  analysis  of  two  hundred  and  sixty- 
five  counts : 

Verblv  Avrraog  Baked  os  One  Cocnt  per  Week  in  EAcir  Case,  the 

AVKSAGE   BstNO    TAKEN    FOR  THE    WeEK    IN   EvERY    CAEE   IN    WHICH 

Multiple  Counts  Webb  Madb. 

iBt  week  S3  counts 4.918,312 

2d      "     63      "      4.706.855 

8d      -     64      "      4,568,814 

4th     -     34      "      4.187,720 

"     32      •'      4,118.580 

-  87      "       4,038. 438 

"       8      **       8,309,126 

"       8       "       8,852,286 

9th     "      6      "      8,509,««6 

lOtb     "       1  eount 8.980,000 

mil     "       1      " 2,109,888 

All  these  counts  refer  to  the  febrile  period  of  the  disease. 

Eighty   counts    were    made    during   convalescence.     The  results 
vere  as  follows : 
EsnuATES   OF  toe  Red    Blood    Corpcscles    DuHuia    Convalescence 

ARKAKOED  ACCORDINd  TO  THE  PERIOD  AETEH  THE  LaBT  DaT  OP  FeVER. 

1st  week,  33  count* 4.540,000 

2d       -       23       -       4,837.100 

"       15       "       4.353,000 

-  6      "      4,861,000 

2      -      6,409.000 
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Thayer  comments :  ''  It  will  be  noticed  that  in  the  first  week  (of 
fever)  the  number  of  red  blood  corpuscles  is  already  somewhat  be- 
low the  normal " — that  is,  taking  the  noimal  as  from  5,500,000  to 
6,000,000,  as  it  seems  proper  to  do  in  this  country  (see  page  54). 

From  this  point  it  steadily  sinks  week  by  week  for  the  first  nine 
weeks.  After  that  the  number  of  counts  is  too  small  to  justify  con- 
clusions. The  lowest  point  is  probably  reached  about  the  end  of 
defervescence  in  the  majority  of  uncomplicated  cases,  yet  when  def- 
ervescence is  slow,  blood  regeneration  may  begin  well  before  the 
end  of  the  febrile  period.  In  the  first  two  weeks  of  convalescence, 
regeneration  is  going  on  slowly.  '*  After  the  second  week,  in  addi- 
tion to  the  fact  that  the  estimates  are  but  few,  the  results  are  viti- 
ated by  the  fact  that  the  cases  remaining  in  the  hospital  at  so  late 
a  period  were  for  the  most  part  instances  of  severe  fever  of  long 
duration,  after  which,  as  is  shown  by  the  first  table,  a  much  greater 
degpree  of  anaemia  is  reached  "  (Thayer). 

Showing  thb  Highest  akd  Lowest  Counts  in  Each  Webe. 

Hlgbest  LowMt. 

Ist  week 6,040,000  8,400,000 

2d      "     6,604,000  2.240,000 

3d      "     6.916.000  2,300.000 

4th     "     5,884,000  1,426,000 

5th     "     6,812,000  1.352.000 

«th     "     4,904,000  2.014,000 

7th     "      4.500.000  1.648,666 

In  only  one  of  these  cases  could  the  high  count  \ye  explained  as 
a  concentration  of  the  bloo<l  througli  diarrhoea  and  vomiting,  but 
counts  made  just  after  a  bath  are  often  very  high  owing  to  blood 
concentration. 

Hcemoglohln. 

Thayer's  figures  are  as  follows: 

l8t  week  of  fever,  21  estimates  average 76  per  cent 

2d      **            "       50         *•             "       78  ** 

3d      "            "       32         **             **       67  ** 

4th     "            "       20         "             ^       60  •* 

5th    "            "        15         "             ^       58  " 

6th     "             "          6         **              **        62  ** 

7th     "             "          4         *'              **        50  ** 

Convalescence  1st  week,  22  estimates  average 67  per  cent. 

"  2d       ^10         "  "      69        " 

3ii       -•     12         "  "      67        *• 
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This  table  shows  a  gradual  decline  during  the  febrile  period, 
with  a  very  slow  regeneration  in  convalescence.  The  haemoglobin 
(as  in  most  secondary  anaemias)  suffers  more  than  the  count  of  cor- 
puscles, and  is  slower  in  reaching  the  normal,  so  that  the  color  in- 
dex is  low  throughout  (see  chart  on  page  201). 

Leucoci/tes. 

Thayer  records  832  estimates  of  the  white  cells  in  uncompli- 
cated cases. 

Based  od  one  count  per  week  in  each  case,  the  average  being  taken  for 
the  week  in  every  case  in  which  multiple  counts  were  made. 

1st  week  of  fever,  100  counts 6,400 

2d  "  "  206  "       6.200 

3d  "-  "  150  "       6,700 

4th  **  **  95  "       5,400 

5th  "  "  58  "       5,880 

6th  "  "  19  "       6.800 

7th  '*  "  13  "       6,300 

8th  "  "  12  "       6.400 

Thayer  comments :  "  It  would  seem  that  the  longer  the  disease 
lasts,  the  more  profound  the  prostration,  the  lower  the  count." 
Ewing  says:  *'Tho  more  severe  the  typhoid  intoxication  the  lower 
the  count."  How  great  the  variations  may  be  even  in  the  absence 
of  any  apparent  complication  is  shown  in  the  following  table : 

HlRbest.  Lowest. 

1st  week  of  fever 15.000  1.600 

2tl       ^             "      18.000  1.000 

3d       "             "      13.000  1,000 

4th     "             "      10.500  1,700 

5th     ''            "      10,500  2,800 

6th     '•             **      10,000  8,250 

7th     "             "      11,000  4.000 

8th     "             '•      9.250  4.000 

9th     '*             "      9,300  2,000 

Most  of  these  high  counts  were  in  the  blood  of  one  individual, 
who,  throughout  the  disease,  without  any  apparent  reason,  showed 
constantly  a  large  number  of  colorless  corpuscles.  The  count  of 
18,000  may  have  been  after  a  cold  bath,  which  Thayer  has  previ- 
ously shown  often  raises  the  count  of  white  cells. 
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In  convalescence  the  count  of  leucocytes  begins  to  riee  toward 
the  normal  as  the  following  table  indicates : 

Ist  week  of  apyrexia,  83  oounto 6,000 

2d       *•  -        24     -      6,700 

8d       -  •*        16     «      6,800 

4th      "  -  6     «      7,570 

Thayer's  results  may  be  exhibited  in  the  chart  on  the  following 
page. 

In  the  majority  of  the  1,367  cases  recorded  at  the  Massachu- 
setts General  Hospital,  the  course  of  the  leucocytes  from  week  to 
week  has  unfortunately  not  been  followed  with  accuracy. 

Most  of  our  counts  were  made  on  the  day  of  entrance  to  the  hos- 
pital, presumably  during  the  first  or  second  week  of  the  fever. 

The  range  of  the  counts  was  as  follows : 

Between  1.000  and  2,000=    18  cases. 

*•  2,000  "  8,000=   62  ** 

•*  8,000  -  4,000  =  171  *• 

"  4.000  "  5.000  =  280  ** 

•*  5,000  *•  6.000  =  224  *• 

**  6.000  «  7,000  =  217  ** 

"  7.000  •*  8.000  =  150  " 

«  8,000  *•  9.000  =  118  - 

"  9,000  **  10,000=    81  ** 

"  10,000  "  11.000=    43  ** 

"  11,000  "  12,000=    27  '* 

"  12.000  **  13,000=    12  •* 

**  18,000  -  14,000=     6  ** 

"  14,000  "  15,000=     3  " 

1,357     ** 

From  these  figures  I  have  excluded  all  cases  counted  only  under 
circumstances  likely  to  concentrate  the  blood  (cyanosis,  after  baths, 
after  severe  diarrhcea). 

Of  these  cases  1,309,  or  97  per  cent,  had  less  than  11,000  leuco- 
cytes per  cubic  millimetre  at  the  time  of  entering  the  hospital,  and 
77  per  cent  had  less  than  7,000. 

But  these  figures,  like  those  reported  by  Thayer  and  TUrck, 
differ  from  the  reports  of  some  other  observers  in  not  showing  so 
large  a  proportion  of  very  low  counts.  Thus  Khetajurow  expects 
to  find  only  2,500  to  3,000  leucocytes  in  the  third  and  fourth  weeks, 
but  our  observations  show  that  this  is  not  a  law. 


1 

^^^K*^                       CompUeations. 

Thayer's  study  of  the  effects  of  complications  is  by  far  the  most 
thoiough  ever  published. 

Chart  of  the  Hi.oop  is  Ttphoik  Fetkh. 
Febrile  perirtd— weeks.                   Couvalescence— wwkn 
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Pkin  line  =  red  cells.    Dotted  Hue  =  li»iiioglobin.    Broken  line  =  white  cells. 

1.  Hemorrhatie  from  the  Boweh  {11  cases).     The  red  cells  fall 

off  maikedly  in  one  tase  from  3,648,000  (eighteen  days  before)  to 

J 
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1,992,000|  in  another  to  2,000,000;  yet  the  first  of  these  cases 
recovered. 

The  leucocytes  showed  no  appreciable  change  in  half  of  these 
cases,  while  in  the  rest  there  was  some  leucocytosis  (24,800  in  one 
case,  17,400  in  another,  10,500  in  a  third),  reaching  its  maximum 
in  from  twelve  to  twenty-four  hours,  and  returning  to  normal  in 
from  two  to  seven  days. 

2.  Perforation  of  the  Bowel  (8  cases).  Leucocytosis  was  well 
marked  in  three  (16,400,  23,400,  and  16,000),  slight  in  two 
(10,400  and  11,200),  and  completely  absent  in  three,  at  the  time  of 
the  perforation.  Thayer  studied  the  clinical  features  of  these  cases 
and  the  i*esults  of  cultures  made  at  operation,  and  concludes :  *^  It 
is  probable  that  slight  local  peritonitis  always  produces  .  .  .  leuco- 
cytosis unless  the  individual  is  already  in  a  condition  of  profound 
general  septicaemia.  On  the  other  hand,  a  sudden  (general)  infec- 
tion of  the  ])eritoneum  with  large  quantities  of  excessively  malig- 
nant organisms  may  often  result  in  complete  absence  of  leucocytosis 
or  a  relatively  slight  rise,  followed  later  by  a  fall.  Three  cases  of 
streptococcus  peritonitis  showed  no  leucocytosis  at  any  time.*  The 
prospect  of  relief  by  surgical  interference  is  best  in  those  cases  with 
a  leucocytosis."  Thayer  also  shows  that  a  preperforative  leucocy- 
tosis due  to  local  peritonitis  about  deep  ulcers  may  occur.  He  adds, 
however,  a  summary  of  four  cases  in  which  symptoms  suggesting 
perforation  and  accompanied  by  leucocytosis  led  to  a  laparotomy, 
yet  in  which  no  perforation  was  found,  the  symptoms  being  due  in 
one  case  to  thromlx)sis  of  the  left  iliac  vein,  while  in  the  others  no 
cause  was  found.  In  many  of  these  cases  the  leucocytosis  was  very 
transitory,  and  without  frequent  (almost  hourly)  counts  would  have 
been  overlooked. 

In  the  series  of  cases  of  typhoid  perforation  reported  by  Shat- 
tuck,  Warren,  and  Cobb  (Boston  Medical  and  Surgical  Journal^ 
June  28th,  1900)  there  are  four  cases  of  general  peritonitis  with  no 
leucocytosis  (3,800,  5,400,  7,300,  and  8,000),  and  four  cases  with 
leucocytosis  (14,000,  16,000,  17,200,  and  23,000).  Two  cases  with 
leuco(»ytosis  (14,300  and  13,200)  showed  at  operation  a  perforation 
l>rotected  by  l(x»al  adhesions.  In  most  of  these  only  one  count  is 
recorded,  so  that  the  observations  are  of  little  value. 

There  is  no  d<Mil)t  that  leucocytosis  does  occasionally  occur  when 
no  complication  exists  so  far  as  we  can  ascertain  during  life.  Four 
of  the  ca^os  over  11,<V>0  (see  the  aln^ve  table)  were  counted  repeat- 
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edly  and  complications  were  carefully  sought  for,  but  none  were 
found.     The  most  striking  case  showed  the  following  counts : 

October  8d * 13.100 

"       4th 13,000 

5th 16.500 

7th 18,800 

8th 11,200 

10th 10.600 

**      13th 18,500 

"      15th 17,700 

**      17th 15,500,  death ;  autopsy. 

The  autopsy  showed  typical  typhoid  lesions  and  nothing  else.* 
Another  and  much  milder  case  showed  11,000-12,000  white  cells 
constantly  for  over  two  weeks,  and  no  cause  could  be  found  to  ac- 
count for  it. 

In  typhoid  septlccemia  with  endocarditis  but  without  intestinal 
lesions,  Mayet  and  Bertrand  {Soc,  MeiL  d.  Hop,,  1900,  p.  996) 
report : 

October  19th 13,800  with  91  per  cent,  of  polynuclears. 

"       2l8t 14,800     "    93       " 

"       23d 10,000     "    91       " 

"       27th   18.900     "    94       " 

The  typhoid  bacillus  was  obtained  in  pure  culture  from  the  blood. 

S,'.  Fnnincuiosis. — Thayer  records  7  cases  in  all,  of  which  the 
leucocyte  count  is  very  slightly  raised  when  we  compare  it  with  tliat 
vsnally  found  in  typhoid  {e.g.,  9,000,  10,000,  10,200,  10,600,  etc.). 

4.  Thrombosis — six  cases  in  Thayer's  study  are  of  especial  in- 
terest, because  the  leucocytosis  with  which  each  was  associated  ap- 
peared in  three  cases  earlier  than  any  of  the  localizing  symptoms, 
such  as  pain  and  oedema. 

The  counts  varied  from  8,000  and  21,000  in  femoral  phlebitis 
to  24,800  in  plugging  of  the  iliac  vein.  I  have  had  two  similar 
cases. 

5.  Fieiirisy — 5  eases,  all  showed  slight  leucocytosis  (10,000- 
12,000).  Only  in  the  purulent  cases  (empyema)  was  the  count 
higher  (23,000,  18,000).  In  one  case  the  tapping  revealed  a  bloody 
and  purulent  fluid  containing  only  typhoid  bacilli.  After  the  tap- 
ping the  leucocytes  rose  to  44,500. 

In  most  of  these  eases  the  percentages  of  the  different  varieties 

*  Thrombosis  of  iuternal  veins  and  osteomyelitis  were  not  carefully  searched 
for  at  autopsy  and  may  have  existed. 
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of  leucocytes  was  bat  little  affected  (e.g. ,  68  per  cent  of  polynudear 
cells  and  1.8  per  cent  of  eosinopbiles  with  a  count  of  23,000  leuco- 
cytes).    This  is  not  an  ordinary  leucocytosis 

6.  Pneumonia — 5  cases,  3  with  leucocytosis,  2  without  it  (ter- 
minal infections).  Both  of  those  without  leucocytosis  and  2  of  the 
others  proved  fatal.  The  counts  were  36,000,  38,000,  8,200,  4,000 
and  6,000.  The  neutrophiles  were  not  increased  as  much  as  in 
oidinaiy  leucocytosis.  TUrck  records  a  case  with  but  1,600  leuco- 
cytes despite  lobar  pneumonia,  and  Kohler  mentions  several  similar 


Bronchitis  (severe)  and  Bronehopnewnonta — 4  cases,  3  showed 
leucocytosis  (16,600,  17,200,  18,200). 

8.  Periostitis — 3  cases  with  leucocytosis  reaching  22,000, 17,600, 
and  13,000  (only  72  per  cent  of  polynudear  cells  in  first  case). 

9.  Submaxillary  Abscess  (streptococcus)  witli  a  maximum  count 
of  18,200  which  developed  late  in  the  course  of  the  process.  In 
another  case  with  perforation  peritonitis,  the  submaxillary  abscess 
(staphylococcus  and  typhoid  bacillus)  did  not  produce  any  rise  in 
the  leucocytes. 

10.  Otitis  Media— 2  cases  with  leucocytosis  of  15,600  and  11,800 
(maximal).  I  have  had  10  cases  with  maximal  counts  of  16,400, 
14,000,  11,200. 

11.  Parotitis — 3  cases,  lio  leucocytosis  in  2;  in  the  other  30,500 
(general  infection  with  the  staphylococcus  aureus  found  at  autopsy) 

12.  Perirectal  Abscess — 25,100  leucocytes.  In  one  of  my  cases 
(moribund)  a  large  ischio- rectal  abscess  developed  without  produc- 
ing any  leucocytosis. 

13.  Pericarditis  (dry) — 11,500  leucocytes. 

14.  Bed-sores  (3) — 16,000  leucocytes  (average) 

15.  Conjunctivitis — 9,330  leucocytes  (polynudear  cells  74  per 
cent). 

16.  Chole/'.ystitis — 3  cases,  all  showing  leucocytosis;  28,500, 
21,200,  and  14,400  (maximal). 

17.  Cystitis — 3  cases,  1  with  marked  leuco(»ytosis;  18,000. 

18.  Urethritis — 3  cases,  1  witli  13,700  leucocytes,  of  which  5.5 
per  cent  were  eosinopliiles. 

19.  Tuberculosis  (pulmonary) — 1  case  with  14,200  leucocytes, 
of  which  only  iyry  per  cent  were  polynudear.  TUrck  records  a  simi- 
lar case  with  a  normal  leucocyte  count.  Pregnancy  and  peripheral 
neuritis  seemed  to  have  no  especial  effect  on  the  blood. 
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Qualitative  Changes. 

Red  Carpusblee. — TUrck  notes  '*  the  relatively  frequent  presence 
of  marked  differences  in  the  size  of  the  red  cells  with  very  numer- 
oas  dwarf  forms;  occasionally  poikilocytosis  and  polychromato- 
philia,"  i.e.f  the  changes  common  to  all  varieties  of  secondary 
anaemia. 

WTiite  Cells. — Thayer's  extensive  and  painstaking  studies  are 
exhibited  in  the  following  table : 

Table  XII. 


Polymorptio- 

SnuOl 

ijose 

nucl€mr 

moDO- 

mono- 

EoiiDoplillfli, 

Counts. 

neutrophileo. 

nocletr. 

nnclfltf. 

percent. 

percent. 

percent. 

percent. 

First  week  of  fever 

12 

74 

18 

12 

0.5 

Second  **          **      .... 

80 

71 

14 

18 

0.8 

Third    **          "      .... 

84 

66 

21 

11 

0.8 

Fourth  "          **      .... 

19 

65 

20 

14 

0.4 

Fifth     **          **      .... 

8 

62 

18 

19 

0.8 

Sixth     -          "      .... 

4 

68 

22 

18 

6.01 

First  week  apyrcxia. . . 

12 

61 

21 

15 

8.0 

Second   ** 

7 

49 

81 

17 

2.8 

Third     ** 

6 

67 

15 

28 

8.5 

These  averages,  however,  cover  up  some  aberrant  percentages. 
For  example,  there  was  one  case  which  in  the  first  week  showed 
15,000  leucocytes,  of  which  92  3  per  cent  were  polymorphonuclear 
neutrophiles.  No  complication  could  be  found.  The  lymphocytes 
were  but  7.7  per  cent,  and  the  eosinophiles  had  altogether  disap- 
peared. Nine  days  after  defervesceuce  the  leucocytes  were  9,000, 
with  48.3  per  cent  of  neutrophiles,  43.1  per  cent  lymphocytes, 
while  the  eosinophiles  had  risen  to  8.6  per  cent. 

High  percentages  of  polymorphonuclear  neutrophiles  sometimes 
occurred  without  an  increase  in  the  total  count,  e.g.,  in  the  second 
week  a  case  with  8,000  leucocytes,  of  whieh  94  4  per  cent  were 
polyinoi-phonuclear,  and  in  the  third  week  a  case  with  4,000  leuco- 
cytes, of  which  82  ])er  cent  were  polymorphonuclear 

In  the  ninth  week  one  case  showed  12  7  per  cent  of  eosinophiles 
with  70.4  per  cent  of  ])olymorphonuclear  neutrophiles. 

Summing  np  Tliayor's  observations,  we  find: 

1.  A  steady  diniinution  in  the  polymorphonuclears,  the  lowest 
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point  being  reached  at  the  end  of  the  pyrexia,     ThiH  Is  an  absolute 
diminutiou . 

2  A  lelative  increase  in  the  lymphocytes,  especially  the  larger 
forms;  absolutely  their  number  is  not  much  chajig^tl. 

3  A  reduction  (relative  and  absolute)  of  the  eosiuophilic  cells 
during  the  pyrexia  followed  by  an  iiicreaBe  iu  convalescence,  which 
may  amount  to  a  considerable  eosinophilia. 

Tni-ck's  results  are  practically  the  same.  He  adds  that  eoaiuo- 
philes  may  actually  disappear  from  the  blood  at  the  height  of  the 
disease,  and  considers  that  their  reappeai'anoe  or  increase  previous 
to  defervescence  augurs  a  relatively  short  course  for  the  fever,  and 
(aside  from  the  occuireuce  of  complications)  a  good  prognosis. 
Myelocytes  and  Seizungtformen  were  oceaBionally  present  iu  his 
preparations,  even  in  a  case  with  a  leucopenia  of  4,200  and  but  52 
per  cent  of  polymorphonuclear  neutrophiles. 

Naegeli  {Deut.  Arch.  /.  klin.  Med.,  vol.  Ixvii,,  p.  279)  has 
made  a  most  careful  study  of  fifty  cases  with  fifteeu  to  twenty 
observations  in  each.     His  eondueions  are: 

I.  In  the  fii-st  week,  during  the  "  step-ladder  "  ascent  of  fever, 
there  may  be  a  slight  polynuclear  leucocytoais. 

11  The  second  and  third  weeks  are  characterized  by  leucopenia, 
with  a  marked  diminution  of  jiolynuclears,  slight  diminution  of 
lymphocytes,  and  abxence  of  roximiphileM. 

III.  In  the  "  period  of  steep  curves  "  eosinophiles  reappear,  lym- 
phocytes increase. 

IV,  Convalescence:  Polyimclears  reach  their  minimum  white 
lymphocytes  and  eosinophiles  rise  above  normal.  It  takes  about 
two  months  for  the  blood  to  return  to  norma!.  All  these  changes 
are  mui'e  marked  in  children.  Naegeli  considers  the  eosinophiles 
of  importance  in  prognosis,  and  considers  that  in  complioatdoas 
the  polynuclears  should  rise.     If  they  do  not  the  prognosis  is  poor. 

Ktilner  {£hvt.  Arch.  /.  kii?i.  Med-,  1898,  vol.  xl.,  p,  221)  found 
that  in  cases  complicated  by  pneumonia  or  otitis,  the  leucocytes 
were  sometimes  increased  and  sometimes  diminished. 

lodophilia  occurs  in  a  small  proportion  of  the  polynuclear  cells 
at  some  time  during  the  course  of  most  cases  of  typhoid  fever,  espfr- 
eially  on  the  second  and  third  weeks. 
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Summary. 

1.  The  red  cells  suffer  to  the  extent  of  about  1,000,000  in  the 
course  of  an  average  case,  the  reduction  taking  place  gradually, 
and  being  most  marked  at  the  end  of  defervescence  in  most  cases 
Sweating,  vomiting,  or  diarrhoea  may  cause  considerable  transient 
elevation  in  the  count  of  red  cells,  while  sudden  losses  follow  intes- 
tinal hemorrhage.  Occasionally  a  very  severe  post- febrile  anaemia 
occurs,  the  red  cells  being  reduced  nearly  to  1,000,000  with  the 
qualitative  changes  of  a  grave  secondary  anaemia.  In  most  cases 
the  qualitative  changes  are  slight. 

2.  Haemoglobin,  as  in  most  cases  of  anaemias,  suffers  somewhat 
more  than  the  number  of  red  cells. 

3.  The  number  of  leucocytes  is  subnormal  throughout  the  dis- 
ease, averaging  about  5,000  at  its  height,  though  much  lower  figures 
are  common.  This  leucopenia  progresses  with  the  severity  and 
duration  of  the  infection.  Cold  baths  cause  an  immediate  transient 
increase  in  the  number  of  leucocytes  in  the  peripheral  circulation, 
an  increase  which  may  amount  to  double  or  triple  the  number  be- 
fore the  bath. 

Differential  counts  show,  during  the  febrile  period,  a  progressive 
diminution  in  the  number  and  percentage  of  the  polynuclear  cells, 
with  a  corresponding  rise  in  the  percentage  of  lymphocytes  and 
large  mononuclear  cells,  and  a  great  diminution  or  even  disappear- 
ance of  the  eosinophiles.  In  convalescence  the  percentage  of  eosino- 
philes  markedly  increases,  often  before  the  other  forms  have  re- 
sumed their  normal  numbers. 

4.  Most  complications,  especially  inflammations,  produce  a  leu- 
cocytosis,  but  a  particularly  malignant  infection  may  be  followed 
by  no  increase  and  even  by  a  diminution  in  the  number  of  leuco- 
cytes. In  many  of  the  leucocytoses  following  complications  the 
percentage  of  polymorphonuclear  cells  does  not  rise. 

Diagnostic    Value, 

There  are  few  diseases  (outside  of  those  Known  as  diseases  of 
the  blood  itself)  in  wliicli  the  blood  count  is  so  often  of  value  in 
diagnosis.  The  diagnosis  of  typhoid  fever  is  made  by  exclusion — 
exclusion  of  otlier  causes  of  fever  and  of  local  inflammatory  proc- 
esses in  particular. 
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1  In  this  process  of  ezolusiou  the  blood  is  a  most  powerfal 
adjuvanti  inasmuch  as  almost  all  loecU  i^flammatoty  proeeues  have 
UiteociftosiSf  while  typhtM  (uncomplicated)  does  not,  I  recall  two 
cases  ill  which  the  chart  and  symptoms  pointed  to  typhoid,  bat  in 
which  the  persistent  marked  leucocytosis  directed  attention  to  the 
search  for  an  inflammatory  focus.  Both  were  at  first  unattended 
with  paiUi  tenderness^  or  other  localizing  symptom,  but  later  signs 
and  symptoms  began  to  point  to  the  livery  from  which  pus  was 
evacuated  by  puncture.  These  cases  of  ahsceseea  of  the  liver  are 
typical  of  the  value  of  blood  examination  for  any  deep-seated  sup- 
puration. I  have  seen  good  clinicians  puzzled  for  twenty-four 
hours  over  the  diagnosis  between  appendicitis  and  typhoid,  but  the 
indication  of  the  blood  count  was  always  fulfilled.  Pysemic  or 
septicsemic  processes  are  usually  distinguishable  from  typhoid  by 
the  same  test — the  presence  of  leucocytosis  in  the  former. 

Of  the  value  of  the  blood  in  distinguishing  certain  cases  of  pneu- 
monia from  typhoid  I  have  already  spoken  on  page  194. 

2.  Aside  from  local  or  general  pyogenic  infections  perhaps  the 
disease  most  often  confounded  with  typhoid  is  maluria.  This  is 
especially  the  case  in  the  southern  part  of  this  country,  where  for 
want  of  proper  blood  examination  the  confusion  of  the  two  diseases 
is  indicated  in  such  a  term  as  "  typhomalarial  fever.*'  Malaria  and 
typhoid  are  alike  in  having  no  leucocytosis,  but  the  presence  of  the 
malarial  parasite  is  an  absolute  test  and  in  marked  cases  is  always 
decisive.  Very  mild  cases  of  malaria  may  show  so  few  organisms 
in  the  peripheral  circulation  that  without  prolonged  search  they 
cannot  be  found,  and  in  the  severest  types  of  all  the  organisms  are 
not  very  abundant.  In  the  vast  majority  of  cases,  however,  the 
organism  can  be  readily  found  and  our  diagnosis  made  certain. 

3.  Tube  n' It  i  OS  IS,  local  or  miliary,  if  uncomplicated  by  any  pyo- 
genic organisms,  cannot  be  distinguished  from  typhoid  by  the  blood 
count  alone,  as  neither  disease  shows  leucocytosis,  but  here  the 
AVidal  reaction  (see  i)age  529)  comes  to  our  rescue. 

A  large  proporticm  of  lymphocytes  is  commoner  in  typhoid  than 
in  tuberculosis,  but  it  may  occur  in  either  disease.  In  the  majority 
of  cases,  however,  tuberculosis  is  complicated  with  septicaemia  from 
a  secondary  pyogenic  infection,  and  is  then  easily  distinguished  by 
the  existence  of  leucocytosis. 

4.  Tifphus  ft'i'rr  has  not  been  well  studied  and  the  reports  of 
its  blood  condition  are  contradictory.     At  present  we  cannot  say 


'whether  or  not  it  tan  Ije  ilifitiiiguisheil  from  typhoid  Ijy  Uie  blood 
examinatioQ.  In  most  caaea  the  absence  of  a  sernni  reaction  will 
exclude  typhus. 

6.  Two  cases  of  erythema  nodosum  with  fever  between  101°  and 
103°  gave  me  trouble  in  diagnosis  lately.  lu  Ixith  the  blood  was 
normal  and  differed  fi'oni  typhoid  only  by  the  absence  of  a  serum 
reactiou.  Tiiayer  has  reported  a  similar  ease  {loe.  rit.,  p.  530),  in 
which,  however,  there  waa  a  marked  leiicocytoaia  throughout, 
1  6.  Trir/ihiiasii  may  run  a  course  quite  indistinguishable  clini- 
wlly  from  that  of  typhoid,  but  the  presence  in  trichiniaais  of  a 
leucocytosis  with  marked  eosinnphilia  and  the  absence  of  Widal'it 
reaction  will  decide  any  case  of  doubt. 

Most  auto- intoxications  (ptomaine  poisoning)  produce  leueoey- 
lis,  and  can  therefore  be  distinguished  from  typhoid. 

8,  Metimffftls,  especially  in  its  epidemic  eercbro-spinal  form, 
many  symptoms  like  those  of  typhoid,  but  it  always  produces 

leuoooytoais,  and  is  never  aaaociated  with  Widal's  serum  reaction. 

9.  From  hijtuenxn  typhoid  cannot  be  distinguished  by  the  blood 
count,  as  neither  of  them  produces  leucocytosis.     Here  the  blood 

aid  only  tlirough  the  serum  reaction. 

I.  Ariite  Infectious  Dr/senteri/  may  ]ireacnt  (especially  in  the 
ipics)  many  features  that  remind  us  of  typhoid.     As  a  rule  it 
produces  no  leucocytosis,  but  it  is  distinguishable  from  typhoid  by 
the  preseuce  of  Widal's  reaction  in  the  latter. 

The  occurrence  of  complications  in  typhoid  may  mask  its  char- 
iristic  blooil  changes  so  as  to  make  the  blood  useless  in  diagnosis; 
It  in  most  early  cases,  in  which  the  diagnosis  is  especially  impor- 
,t  and  difficult,  the  blood  shows  no  leucocytosis  and  is  therefore 
great  value  in  the  excluaion  of  other  diseasea. 

In  prognosis  Naegeli  (loc.  cit.)  agrees  with  Tttrck  in  regarding 

b  persistence  or  early  reappearance  of  eosinophiles  as  a  favorable 

,  and  believes  that  a  normal  number  of  polynudear  cells  is  a 

good  sign  when  the  outlook  is  more  serious,  if  the  leucocyte  count 

ie  very  low  and  does  not  increase  during  complications. 

14 
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DIPHTHERIA- 

Bacillt  of  diphtheria  in  the  circulating  blood  are  practically 
never  to  be  found. 

The  specific  grarity,  according  to  Grawilz,  is  abovf  normal  at  the 
height  of  the  disease.  He  obtained  the  same  result  experimentally 
by  injecting  cultures  ot  the  Klebs-Lrtffier  bacillus  into  dogs  and 
rabbits.  He  concludes  that  the  poison  of  the  disease  is  lympba- 
gogic  aud  so  coucentrates  the  blood. 

Bed  Corpojtelrt. — Morse's'  investigations  show  an  average  of 
6,100,000  iu  twenty  cases  counted  during  the  first  wefk  of  the  dis- 
ease aud  of  5,150,000  in  10  cases  during  the  second  and  third  week 
of  the  disease — practically  uurnial  figures. 

These  are  the  first  systematic '  investigations  of  the  red  cells  in 
diphtheria  and  are  confinned  by  the  reports  of  Ewing,  Engel,  and 
Billings.  The  latter  observer  in  counts  made  in  seven  cases  during 
the  first  five  days  of  ilhiess  found  an  average  of  5,600,000  +  red 
cells  per  cubic  millimetre.  During  the  first  five  to  ten  daj's  after 
this,  the  same  cases  showed  aa  average  loss  of  510,000  cells  per 
cubic  millimetre;  five  out  of  the  seven  showing  considerable  losses, 
two  remaining  about  the  same.  These  were  cases  treated  without 
antitoxin.  The  two  cases,  showing  no  loss  of  red  cells  were  both 
very  mild,  one  having  no  membrane  at  any  time.  The  diminution 
'  ranged  from  470,000  (third  day)  to  2,040,000  (sixth  day).  Aa  a 
nde  no  diminution  can  be  made  out  until  after  the  third  or  four^ 
day. 

Out  of  twenty-three  cases  treated  with  autitoxiu  and  eaeh 
counted  several  times  over,  only  three  showed  any  considerable 
diminution  in  the  red  cells  and  these  lost  less  than  400,000  eacli, 
not  much  beyond  the  limit  of  error  (200,000)  allowed  for  by  the 
investigator,  and  all  of  them  severe  cases.  Six  patients  who  were 
atuemic  when  admitted  (average  =  4,640,000)  showed  a  steady  ritt 
in  the  red  cells  as  the  disease  (treated  with  antitoxin)  progressed. 

It  is  evident  from  tliese  figures  that  antitoxin  largely  prevents 
the  auEemia  which  usually  develops  in  the  fir.st  five  to  ten  days.  In 
cases  not  treated  with  antitoxin  the  regeneration  from  the  result- 
ing auseroia  is  slow.     Healthy  individuals  iuject«d  with  antitoxin 

'  Bost<in  Hediral  and  Surgical  Journal,  March  Tih,  1895. 
*  Earlier  rrpnrts  ore  faulty  as  to  technique. 
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iwed  a  very  moderate  reduction  iu  the  red  cells  in  about  one-half 

lases,  the  greatest  loss  being  932,000  per  cubic  millimetre  (fif- 

cases  counted  by  Billings). 

(^iditative  Cliungeg. — Billings'  careful  Study  uf  stained  speci- 

is  shoved  no  deformities  in  size  or  shape  and  no  nucleated  red 

but  Engel  has  found  normohlasts.     Polychromalophilic  red 

ioles  were  very  few  in  the  cases  in  which  antitoxin  was  used, 

"but  more  numerous  when  it  was  not  used. 

Hfemn^llrtbin. — Here  again  tlie  most  thorough  investigations  are 
those  of  Billings.  In  cases  treated  without  antitoxin  there  was  an 
average  loss  of  ten  per  cent,  regained  in  part  during  convalescence, 
but  as  usual  reaching  normal  later  than  the  count  of  corpuwdes. 
^Vhen  antitoxin  was  given,  the  diminution  of  hfetaoglobin  was  less 
marked,  but  when  the  ilecrease  did  occur  the  return  to  normal  was 
slow  compared  to  that  of  the  red  cells,  even  when  the  patients  were 
up  and  about  and  apparently  well. 

Whits  Corpuschi. — Leaving  out  the  older  observations  in  which 

technique  was  probably  faulty,  the  principal  investigatoi's  are 

Ebrse,  Ewing,  Gabritschewsky,  Billings,  Fil^,  and  Engel. 

All  agi'ee  that  a  considerable  leucocytosis  is  present  in  most 

>B — 34  out  of  3G  of  Billings'  cases,  26  out  of  30  of  Morae's  (the 

itter  made  but  one  count  in  each  case),  49  out  of  53  of  Ewiug's. 

n  a  general  way,  the  severest  cases  show  the  greatest  leucocytosis, 

but  it  does  not  follow  the  pulse,  temperature,  nor  the  extent  of  the 

membrane,  and  "  the  ordinary  clinical  examination  of  the  patient  is 

kuch  greater  value  in  .   .   .  prognosis  .   .   .   than  any  informa- 

to  be  gained  from  the  examination  of  the  blood.     The  latter 

eimply  confirmatory,  never  indispensable"  (Billings).     Moi-se's 

couclusions  are  the  same,  although  he  considers  that  with  notable 

exceptions   the  amount  of   membrane  is  a  rough  measure  of  the 

degree  of  leucocytosis.     He  finds  no  corre3|>ondenee  lietween  the 

glandular  swellings  and  the  degree  of  leucocytosis,  though  he  noted 

that  "  in  the  fatal  '  septic '  cases  with  greatly  enlarged  glands,"  very 

high  counts  were  present.     Other  cases  with  little  or  no  enlarge- 

it  of  glands  showed  equally  high  counts,  however. 

Ewing's  4  cases  without  leucocytosis  were  all  mild,  but  of  Bil- 

2  cases  without  leucocytosis  one  was  the  severest  of  his  whole 

while  the  other  was  mild.     Of  Morse's  4  eases  without  leuco- 

3  were  mild  and  1  was  severe.     Gabritschewsky's  14  casea 

showed  leucocytosis. 
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Putting  the  results  of  these  four  observers  together  we  see  that 
when  leucocytosis  is  absent  the  cases  are  either  very  mild  or  very 
severe,  conditions  analogous  to  those  to  be  noted  in  pneumonia  and 
septicaemia  The  counts  in  recent  epidemics  range  from  normal  to 
48,000  (Moi*se)  or  to  38,600  (Billings).  Felsenthal »  found  148,229 
per  cubic  millimetre  in  one  case,  and  Bouchut's  *  counts  are  often 
over  75,000. 

In  a  general  way  the  counts  rise  while  the  disease  progresses  and 
fall  gradually  as  improvement  goes  on,  disappearing  after  the  mem- 
brane. "  The  leucocytosis  is  well  marked  by  the  third  day  and  very 
likely  earlier"  (Morse).  Billings  found  an  increase  after  one  day's 
illness,  but  usually  less  than  was  present  later  in  the  disease;  one 
of  his  cases,  however,  had  a  higher  count  on  the  tirst  day  of  the 
disease  than  on  any  subsequent  day,  though  no  antitoxin  was 
given. 

The  injection  of  antitoxin  has  apparently  no  effect  upon  the 
leucocyte  (strange  to  say)  except  in  the  first  twenty-four  hours  after 
its  use.  Immediately — ?.f.,  within  thirty  minutes  after  an  injec- 
tion— the  leucocytes  are  stated  by  Ewing  to  be  considerably  dimin- 
ished, but  the  leucocyte  curve  does  not  reach  normal  any  sooner 
than  in  cases  in  which  no  antitoxin  is  given,  although  it  begins  to 
fall  in  the  majority  of  cases  after  the  injection.  The  same  thing 
(according  to  lUllings)  takes  place  without  antitoxin. 

The  hni(M)cytes  of  healthy  persons  are  likewise  unaffected  by 
antitoxin  injections. 

QmiHtntirc  (lianges. — All  authors  agree  that  in  most  cases  the 
neutrophiles  are  increased.  Morse  found  an  average  of  80  per  cent 
in  20  of  his  .SO  cases.  Of  the  other  4,  1  was  normal  and  3  were 
subnormal  (i'S,  59,  and  59  percent);  2  of  these  were  convalescent, 
the  other  had  been  sick  a  week  and  had  12,000  white  cells  per  cubic 
millimetre.  A  marked  lymphocytosis  was  present  in  2  of  Ewing's 
53  cases,  43,200,  and  13,950  absolute.'  In  Hillings'  cases  the 
polymorphonuclear  varieties  averaged  80  per  cent  and  the  lympho- 
cytes 19  per  cent,  the  eosinophiles  being  reduced  to  1  per  cent  on 
the  average  and  often  l)eing  entirely  absent.  With  Mwse  eosino- 
philes averaged  2  per  cent. 

'  Archiv  f.  Kiuderheilk.,  wA.  xv..  p.  78.  1S93. 
-C()ini)tcs  Reudus,  1877,  Ixxv.,  Nu.  8. 

•' lu  a  case  of  Hieder's,  aged  three  years,  the  lyniphocyl""^^  rose  from  19 
per  cent  during  the  fever  to  64  per  cent  in  couvalesceuce. 
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The  proportion  of  polymorphonuclear  cells  is  usually  direclly 
proportional  to  the  total  increase  of  leucocytes. 

Ewiug  thinks  that  "  the  staining  reaction  of  the  leucocytes  ia  an 
accurate  measure  of  the  severity  of  the  diphtheritic  infection,"  and 
t  this  staining  reaction  he  finds  increased  in  favorable  cases  by  the 
injection  of  antitoxin. 

Hillings  did  not  tiud  any  such  changes  in  "  staining  reaction," 

I  though  he  claims  to  have  carefully  followed  out  Ewing's  procedures. 

Pitkianen  ( Go*,  din.  de  Botkin,  1901,  p.  1033)  states  that  in 

I  nntavorable  cases  the  eosinophiles  disappear  by  the  third  or  fourth 

day,  and  the  percentage  of  polynuclears  is  persistently  elevated. 

If  the  eosinophiles  are  constantly  to  lie  found,  the  prognosis  is 

i  good.     In  convalescence  they  rise  above  normal.     He  contrasts  the 

presence  and  steady  increase  of  these  cells  in  scarlatina  with  their 

I   diminution  in  diphtheria   (until  convalescence)  and  considers  the 

\  difference  to  be  of  diagnostic  value. 

Engel '  found  that  antitoxin  at  iirst  slightly  increased  the  jwr- 
centage  of   lymphocytes,  and    sometimes    this    increase    was    very 
marked.     In  one  case  the  lymphocytes  increased  from  24  to  65  per 
[  cent  after  antitoxin. 

The  point  on  which  be  specially  insists  is  the  ]iresence  of  con- 
I  siderable  numbers  of  myelorytes  in  fatal  cases. 

Of  the  patients  examined  by  him  17  died,  and  9  of  these  had 
'  from  36  to  168  myelocytes  in  every  one  thousand  leucocytes, 
[  Myelocytes  were  also  present  in  some  of  the  patients  who  recovered, 
1  but  in  smaller  numliers  (1.3  to  1.5  per  cent). 

In  one  case  ho  found  on  the  third  day  of  the  disease  4.3  per 
I  cent  of  myelocytes,  and  from  this  point  the  percentage  gradually 
I  rose  to  13,8  per  cent,  and  then  fell,  there  being  1.7  per  cent  pres- 
I  cut  at  the  time  of  death.  An  abscess  occurring  iu  the  case  showed 
1  only  the  usual  polymorphonuclear  leucocytes  iu  its  contents.  He 
leoDclnded  that  a  large  percentage  of  myelocytes  is  a  bad  prognostic 
1  ^gn  in  any  case. 

Myelocytes  are  not  mentioned  in  any  of  the  numerous  diSeren- 
I  tial  counts  made  by  Gubritschewsky,  Ewing,  Morse,  and 
I  BO  that  Engel's  observation  Is  so  far  unique, 
lodophilia  is  usually  present. 

I  GesellBcb.  f.  iimere  Med.,  Derlia,  Julj  6th,  1896. 
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Summary, 

1.  Moderate  ansemia,  especially  in  cases  treated  without  anti- 
toxin.    Regeneration  is  slow. 

2.  Leucocytosis,  very  roughly  parallel  to  the  severity  of  the 
disease,  unaffected  by  antitoxin  treatment,  gradually  decreasing  as 
the  disease  passes  off,  sometimes  absent  in  very  mild  or  very  severe 
cases. 

3.  Polymorphonuclear  leucocytes  much  increased  during  febrile 
stages,  often  diminished  in  convalescence. 

4.  Myelocytes  numerous  in  some  severe  cases. 

The  blood  examination  has  no  diagnostic  value  so  far  as  I  can 
see;  in  prognosis  the  absence  of  leucocytosis  (except  in  obviously 
mild  cases)  and  the  presence  of  many  myelocytes  are  apparently 
bad  signs. 


CHAPTER  IV. 


ACUTE  INFECTIOUS  DISEASES  (CONTINUED). 
SCARLET  FEVER. 

Heubnek  '  noted  bEEmoglobinEemia  in  one  case.  Fibrin  is  not 
increased  even  at  the  height  of  the  fever,  provided  inflammatory 
complications  are  absent. 

Red  Cells, — Very  little  is  to  be  found  in  literature  upon  the  Bub- 
jeot.  KotachetkoEE '  noted  a  gradual  diminution  of  the  red  pells  to 
about  3,000,000,  regeneration  taking  place  in  the  course  of  not  less 
than  six  weeks.     Other  observers  have  found  little  or  no  anffliuia. 

Hayem '  estimates  the  average  loss  of  red  cells  at  1,000,000,  In 
mild  cases  he  finds  the  lowest  figures  on  the  first  day  of  normal 
temperature.  In  severer  cases  in  which  the  fever  comes  down 
slowly,  the  red  cells  may  not  reach  their  minimum  till  twenty-four 
hours  after  the  normal  temperature  is  regained. 

Felsenthal '  in  six  cases  found  the  count  to  be  4,500,000  to 
6,500,000 — no  considerable  variation  from  normal. 

Zappert '  in  six  cases  found  it  to  be  from  3,920,000  to  4,500,000, 
an  average  of  4,150,000.  Normoblasts  are  occasionally  seen— aa 
iu  one  of  Turck's  cases,  and  the  normal  variations  in  size  and  shape 
are  exaggerated. 

White  Cells. — Most  observers  are  agreed  that  leneoeytotig  i»  the 
ruU,  contrasting  in  this  respect  with  measles,  in  which  no  leucocj- 
tOBis  occurs.  The  increase  attains  its  maximum  two  or  three  days 
after  the  eruption.  In  light  cases  it  may  sink  to  normal  even  be- 
fore the  fever  is  gone,  while  in  severer  cases  it  may  persist  several 
days  ajier  normal  temjierntiire  is  reached.  Von  Limbeck  had  a  case 
'   ia  which  the  leucocytosis  persisted  for  twelve  days  after  the  tem- 

'  Deut.  Arch.  f.  klin.  Med.,  vol.  xiiii. 

'  Ref.  in  Petereburg.  med.  Woch.,  199S,  1. 

'Lor.  cit.,  p.  814. 

'Arch.  f.  Kioderheilk..  1698.  p.  80. 

>?eit.  f.  klin.  Med.,  laaa.  p.  292. 
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perature  had  become  normal.  Forty  thouaand  pet  cubic  mUlimetre 
is  Dot  unusual  in  well-marked  cases.  Rieder's  ten  cases  averaged 
17,500;  Felsenthal'a  six  counts  were  between  18,000  and  30,000. 
My  own  are  similat. 

In  a  general  way  the  scvei'est  cases  are  apt  to  have  the  highest 
leucoeyt«  counts;  the  figures  have  no  direct  relatioii  to  the  amount 
of  fever,  glandular  swelling,  or  to  complications  in  tlie  ear  or 
kidney. 

Van  den  Berg  (Arehw^fur  Kindtrlinlk.,  1898,  vol.  xxv  ,  p.  321) 
ill  12  cases  found  the  red  cells  in  imcomplicated  cases  usually 
above  4,000,000.  Endocarditis  or  nephritis,  he  found,  reduces  the 
erythrocytes  and  hsemoglobiii  very  rapidly,  and  in  some  cases  as 
low  as  2,000,000  with  2o  per  cent  hfenioglobiu. 

The  leucocytes  averaged  about  17,000,  but  2  cases  exceeded 
30,000;  the  increase  lasted  from  twenty  to  thirty  days. 

Mackie  {Lancet,  1901,  vol.  ii.,  p.  525)  found  leucocytosis  in 
each  of  25  cases,  one  case  reatOiiug  93,300;  but  in  no  case  was  the 
leucocytosis  present  uutil  the  day  after  the  appearance  of  the  rash. 

Rechzeh  {Zeit.  f.  kltn.  Med.,  1902,  p.  107)  studied  ten  cases 
and  noticed  as  a  rule  no  changes  in  the  number  of  red  cells  nor  iu 
the  hfflmoglobin.  Poikiiocytosis  uud  erythroblasts  were  occasion- 
ally noticed.  *  The  leucocytosis  he  found  to  run  parallel  with  the 
fever  curve,  reaching  the  highest  figures  when  the  rash  was  at  its 
worst,  and  then  rapidly  falling. 

Regarding  the  percentages  of  the  different  leucocytes  he  con- 
firms the  findings  of  earlier  writers, 

Sacqu^p6e  {Areh.f.  Mid.  Exp.,  1902,  p.  101)  imide  50  counts  in 
14  cases  and  reached  the  following  conclusions : 

1,  About  the  third  day  of  the  illness  there  is  a  marked  and 
sudden  rise  iu  the  absolute  and  relative  number  of  polynuclear  with 
a  slight  absolute  increase  of  lymphocytes.  This  raises  tlie  total 
leucocyte  count  often  to  20,000,  once  to  31,000;  85  to  90  per  cent 
of  this  increase  is  made  up  by  the  polyuuclears.  This  increase 
rarely  lasts  beyond  the  seventh  day,  and  by  the  twentieth  day  the 
total  count  is  generally  subnoviiial.  There  is  no  parallelism  be- 
tween the  count  and  the  severity  of  the  disease. 

2.  Beginning  about  the  fourth  day,  there  is  an  eosinophilia 
(highest,  13  per  center  1,950  per  cubic  niillimetre)  which  falls  very 
slowly  so  that  even  iu  the  third  or  fourth  week  the  eosiuophilee  are 
above  normal. 
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S.  Ill  the  aet'onil  week  there  is  a  slight  absolute  increase  of 
lymphocytes. 

4.  Streptococcus  complications  raise  the  number  of  polyiiuflear 
cells  and  deprcHs  the  eosinophile  count. 

Qualitativt  Changes. — The  polymorphonuclear  forms  are  in- 
creased, often  to  ninety  per  cent,  soon  falling  except  in  the  worst 
cases.  The  iweuliar  characteristic  of  the  disease  Is  the  persistence 
of  eosinophiles  in  all  but  the  severest  cases  despite  the  inci-ease  of 
polymoriihonuclear  forms.  The  only  other  infections  of  which  this 
is  true  are  tetanus  and  acnte  articular  rheumatism.  They  may  run 
as  high  ns  tive  per  cent  during  the  fever,  and  are  still  more  numer- 
ous in  convalescence,  remaining  increased  for  six  weeks.  According 
to  Kotschetkoff,  disnppeaiunce  of  eosinophiles  is  a  bad  prognostic 
sign  except  at  the  very  beginning  of  the  fever,  when  they  may  be 
temporarily  absent  in  favorable  cases.  Presumably  they  have  some 
connection  with  the  exanthem,  easinophilia  being  so  cominon  in 
connection  with  skin  lesions.  They  ni.iy  number  15  to  20  per  cent 
of  the  leucocytes  in  convalescence  (Bensaude).  Tilrck  reports  14  3 
percent  (1,800  absolute)  in  one  case  and  13.3  (800  absolute)  in 
another.  Felsenthal's  average  is  5  per  cent;  Zappert'a,  3  per  cent. 
The  lymphocytes  are  decreased  proportionately  to  tlie  seventy  of 
the  case,  the  worst  cases  showing  only  2  to  4  per  cent. 

An  increase  of  eosinophiles  during  a  scarlatinal  nephritis  is  re- 
garded by  Neusser  and  his  pupils  as  a  favorable  sign,  and  their 
absence  as  ominous.  In  ordinary  cases  without  nephritis  they  reach 
their  maximum  in  the  second  or  third  week  and  are  not  normal  till 
the  sixth.  In  the  active  stages  of  the  disease  myelocytes,  ti'nnsi- 
tional  neutrophiles,  and  "stimulation  forms"  occur. 


Slight  antemia. 

Leucocytosis  beginning  just  after  the  eruption  and  often  lasting 
about  a  week. 

Eosinophiles  increased  from  the  fourth  day  until  late  in  conva- 
lescence. 

Ifiitffnostic  and  Proffrtaatie   I'lihie. 

1.  The  chief  importance  of  the  blooil  examination  is  in  distin- 
gnishing  the  disease  from  measles  and  the  eruptions  of  other  dis- 
eaees.     Measles  has  no  leucocytosis. 
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2.  Whether  the  prognostic  significance  attached  by  Neusser  and 
otiiers  to  the  perceutage  of  eoBiiiophiles  is  genuice  or  not,  cannot 
as  yet  be  positively  stated. 


In  mild  cases  the  blood  shows  no  changes  at  all.  When  bron- 
chitis, coryza,  and  oonjunctivitia  are  very  marked,  fibrin  may  be 
iucreased. 

Red  Celh. — In  mild  cases  no  change — never  over  400,000  Ot 
500,000  red  cells  ate  lost  (Hayem)  Felsenthal's  eight  cases 
showed  ooiuits  of  5,000,000  to  5,500,000. 

White  CelU. — There  is  no  leuoocytosis,  often  a  leueopenia  dur- 
ing the  eruptive  stage.  In  convalescence  the  lymphocytes  and 
especially  the  large  iDonoiniclear  forms  are  increased.  Felsenthal 
in  eight  cases  found  the  count  normal  or  diminished.  Pee  found 
bnt  4,000  in  a  case  with  a  fever  of  102.7°.  Rieder's  eiglit  cases 
averaged  7,500,  being  lowest  at  the  height  of  the  disease  and  increas- 
ing as  fever  passed  off.  Complication  with  catarrhal  pneumonia  or 
a  very  bad  bronchitis  and  coryza,  may  slightly  raise  the  count. 
The  eosinophiles,  contrary  to  the  example  of  scarlet  fever,  are  often 
diminished  during  fever. 

Combe  {Arch.  ti<;  MM.  d.  Enf.,  1895,  vol.  ii.,  p.  345)  found  in 
the  incubation  (never  later)  a  polynuclear  leucocytosis.  As  the 
rash  appears  this  leuoocytosis  disappears  and  leueopenia  takes  its 
place. 

Plantenga  (ibulein,  Mai-ch,  1903)  confirms  these  findings  in 
twenty-nine  cases.  A  "  distinct  and  constant  leuoocytosis  "  occur- 
ring in  incubation  and  rising  as  high  as  20,000  with  75  per  cent  of 
polynuclear  cells  gives  way  to  leueopenia  when  the  rash  comes  out. 
The  eosiuophiles  are  diminished  or  absent  during  the  fever. 

Renaud  (  These  tie  Lausanne,  March,  1900)  also  confirms  Combe's 
findings  and  thinks  the  pre-eruptive  leucocytosis  of  diagnostic  value. 
This  increase  and  the  sulisequent  decrease  concern  wholly  the  poly- 
nuclear cells.     He  generalizes  from  six  cases. 

Counnont  studied  also  six  cases  (Gaz.  dea  Hop.,  1901,  p.  1001) 
and  agrees  in  the  main  with  Renaud  but  finds  some  polynucleosis  in 
the  eruptive  stage.  Myelocytes  (he  agrees  with  Weil)  are  absent. 
In  measles  occurring  in  aiiults  Courmont  finds  a  slight  polynuclear 
leucocytosis  at  the  outset,  and  in  this  he  agrees  with  Weil  {ThUe 
de  ParU,"  1900,  four  cases). 


Bechzeh  {lor.  dt.)  in  ten  cases  got  practically  similar  results. 
and  was  struck  with  the  fact  that  the  blood  presents  a  picture 
almost  the  oppoaite  of  that  in  scarlatina. 

Tilestoii  {Boston  Med.  and  Surf/.  Jour.,  1904)  in  twenty-five 
cases  found  no  leucooytosis  in  the  prodromal  or  eraptive  stages, 
though  the  percentage  of  polynuclear  cells  was  usually  increased 
Later  this  increase  was  replaced  by  a  slight  increase  in  the  lympho- 
cytes. Eosinophils  and  blood  plates  were  diminished  until  cc 
lescence,  when  the  former  became  normal  or  slightly  increased, 
All  complications  produced  leucocyto-sia,  and  in  every  case  tlie  occur- 
reuee  of  leucocytosis  could  he  explained  by  a  complication. 

The  Massachusetts  General  Hospital  records  famish  the  follow- 
ing counts  in  eleven  cases : 


Table  XIII.— 

Measles. 

Age. 

Set 

RedlwlU. 

Wblw  cetli. 

hmno- 
gloMn. 

.„.«. 

4 

11.000 

TUahout:  temp.  104. 

11 

10.100 

IW 

H, 

4,700.000 

9.000 

er> 

Ul 

Rashoul;  temp.  108". 

as 

V. 

8,000 

68 

104°;  eruption  out. 

4 

M. 

3.bbb,666 

7.000 

60 

Eruption  just  out. 

10 

e.oon 

103°:   three  days  before  tlic  erup- 
tion; differential  count  uonntil. 
Eruption  out  one  dftv, 
Eruption  out  three  days. 

r>!t 

3.500 

i« 

V. 

3,500 

67 

14 

1.400 

The  value  of  the  blood  examination  is  considerable  in  exclud- 
ing scarlet  fever,  tiiphtheria,  and  syphilitic  roseola,  all  of  which 
ehow  leucocytosis.  It  cannot  apparently  be  distinguished  by  the 
blood  count  from  rothehi  (German  measles). 


rOTHELN  (GERMAN  MEASLES). 

Flantenga  {loc.  cit.)  in  uine  cases  found  the  blood  like  that  of 
measles.  I  have  seen  two  oases  with  6,000  and  8,000  leucocytes, 
respectively. 


Seven  cases  of  mumps  iiiuler  niy  care  sliuwed  uo  lettcocytosis. 
One  case  with  orehitis  showed  19,400  leucocytes  and  90  per  e«ut 
luemoglobin  on  July  Ist^  14,600  leucocytes  on  July  3A,  and  17,000 
July  6th. 

Sacqu^p^e  i^lor.  elt. )  records  30  counts  in  15  cases.  At  the  l»e- 
ginning  of  the  disease  lie  tinds  in  about  oae-half  the  casea  a  slight 
increase  in  the  total  count  (highest  13,600)  10  cases  had  uever  more 
than  12,000.  The  increase  is  largely  in  the  lymphocytes.  The 
polynuclears  averaged  54  per  cent,  and  in  2  cases  were  16  per  cent 
and  25  per  cent,  respectively.  The  eosinophiles  averaged  0.7  jier 
cent  (subnormal).  In  5  cases  with  orchitis  he  found  a  polynuclear 
lencocytosis  (10,000  to  18,000). 

WHOOPING-COUGH. 

Mennier  (Archives  it.  Maiatliea  de  V Enfancf,  April,  1898)  re- 
ported studies  ill  102  eases  of  whooping-eoi  gli.  Lymphocytosis  ia 
early  and  constant.  The  counts  average  22,700  in  the  cases  exam- 
ined during  the  catarrhal  stage  and  before  the  advent  of  typical 
"  whooiiitig  "  paroxysms.  In  the  paroxysm  0  stage  the  leucocytes 
average  40,000 — the  maximum  being  51,250.  In  infants  under  four 
yeara  the  leucocytosis  is  far  more  intense  than  in  older  childi'ea. 
After  the  fourth  year  tlie  count  runs  from  12,000  to  18,000.  All 
the  varieties  of  leucocytes  ai'e  increased,  but  the  lymphocytes  are 
relatively  as  well  as  absolutely  increased — a  true  lymphocytosis 
perhaps  due  to  stimulation  of  the  bronchial  l^'tiph  glands.  The 
increase  Iicgins  in  the  earliest  stages  of  the  disease  before  the  cough 
begins  and  persists  into  convalescence . 

Meunier  fouud  no  such  changes  in  the  blood  of  cases  of  bronohitia 
or  tracheitis,  and  suggests  that  the  blood  count  may  be  of  use  in  thfl 
investigation  of  doubtful  epidemics  in  schools  or  hospitals.  Cima 
(Pedriatria,  1899,  No.  9),  Stengel  and  White  (Univ.  Penn.  Mtd. 
Hull.,  November,  1901,  and  De  Amicis  mid  Pacchioni  (Clin. 
Mediea,  1899,  vol.  iv.,  p.  103)  confirm  these  observations,  though 
in  their  cases  the  average  lymphocytosis  was  somewhat  less — 
17,900. 
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The  following  cases  exemplify  these  rules  (see  also  page  193). 

Table  XIV.— WHOOPiKO-Ck>uoH. 


Ag«. 

Bed  cells. 

White  cells. 

Per  cent 
bsBmoglolilii. 

8 

5,192,000 

76.000 

47 

July  28d. 
Polynuclear.    42. 
Lymphocytes.  67. 
Eoslnophiles,     1. 

26,600 

August  19th. 
August  81st. 
Polynuclear,     66. 
Lymphocytes,  48. 
Eosinophfles,     1. 

5 

82.800 

Lymphocytes,  69. 

Steven  (Lancet,  vol.  xx.,  1902)  reports  a  case  of  "broncho- 
pneumonia" with  paroxysms  of  convulsive  cough  and  cyanosis. 
The  blood  count  is  remarkable,  but  points,  I  think,  to  pertussis  as 
the  most  probable  diagnosis.  I  have  seen  two  similar  cases  (see 
pages  193  and  106).  Stevens'  figures  areas  follows:  Red  cells, 
4,800,000;  lisemoglobin,  100  per  cent;  leucocytes,  236,000.  Of 
these  there  were:  Polynuclears,  33.6  per  cent;  small  lymphocytes 
50.2  per  cent;  large  mononuclear,  15.2  per  cent;  eoslnophiles,  1 
per  cent. 

VACCINATION  AND  VACCINA. 

Billings '  and  Sobotka '  found  leucocy tosis  reaching  its  height 
(15,000)  with  the  maturity  of  the  vaccine  pustule,  and  composed 
chiefly  of  polynuclear  cells;  but  in  adults'  blood  Courmont  and 
Montagnard "  found  nothing  abnormal  after  vaccination. 

In  generalized  vaccinia  Enriquez  and  Sicard  *  found  the  blood 

normal. 

SMALLPOX  (VARIOLA). 

Bed  Cells. — According  to  Ilayem  no  other  fever  is  so  destruc- 
tive of  red  cells.  During  the  fever  the  count  is  normal  or  increased, 
but  when  the  temperature  falls  permanently  the  number  of  red  cells 
falls  suddenly,  whether  l)ecause  the  blood  is  diluted  (see  above,  page 
188)  or  by  a  real  destruction.  From  this  time  on  the  cells  are 
slowly  regenerated;  even  at  the  fifteenth  day  Hayem  found  them 
considerably  below  normal. 

» Billings:  Med.  News.  1898,  p.  801. 

•Sobotka:  Zrit.  f.  Hdlk..  1893.  p.  849. 

•Courmont  and  Montagnard:  Jour,  de  Phys.  et  Path.  Gen.,  1901,  p.  68. 

^EnriquezSiccard:  Soc.  dc  Biol..  December  Ist,  1900. 
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Id  hemorrhagic  cases  the  ausmia  comes  on  more  quickly,  its 
degree  depeudiug  on  the  amoutit  of  hemorrhage.  In  one  patieiit, 
dying  on  the  seventh  day  of  the  eniptiou,  Hayeiii  found  but  2,000,- 
000  red  cells,  in  another  at  the  same  stage,  4,600,000. 

Fibrin  in  not  increased  until  the  stage  of  suj>|)uration  is  reached. 

Leiicofi/trx. 

In  Pick's  report  on  42  cases  no  leucocytosia  is  recorded  until  the 
appearance  of  vesicles. 

Elaborate  studies  in  the  blood  of  smallpox  have  lately  been  pub- 
lished by  Weil,'  and  by  Courmont  and  Montagiiaid.*  These  studies 
are  concerned  especially  witli  the  leucocytes.  In  Weil's  series  of 
36  oases  the  count*  ranged  between  6,000  and  10,000  in  6  cases, 
between  6,000  and  13,000  in  13  cases,  exceeding  15,000  in  9  cases, 
exceeding  20,000  in  3  oases,  23,000  in  3  cases,  30,000  in  1  ca»e, 
35,000  in  1  case. 

One  case  ranged  from  3,000  to  6,000  during  the  whole  course  of 
the  disease,  except  on  the  day  of  vesiculation  (24,000),  but  this  is 
very  rare,  and  the  leucocytes  are  usually  increased  from  the  begin- 
ning. The  increase  is  usually  most  intense  at  the  time  of  vesicula- 
tion, and  from  that  time  does  nut  vary  notably  until  after  piistulation 
when  it  slowly  declines  until  in  convalescence  a  subuoruial  count  is 
reached.     In  hemorrhagic  cases  the  increase  is  usually  less  marked. 

A  sudden  drop  in  the  leucocytes  count  may  occur  in  the  fatal 
suppui-ating  or  hemorrhagic  form.  For  example,  in  two  fatal  sujv 
pui-ating  cases  the  leucocytes  dropped  from  24,000  and  1S,000  to 
6,200.  In  one  liemorrhagic  case  on  the  dying  day  counts  of  6,200, 
6,000,  and  4,400  were  recorded.  .\  sudden  drop  in  the  leucocytes 
is  tlien  a  Ixid  prognostic  sign  (from  this  opinion  Courmont  and 
Montagu  ard  dissent). 

Complications  occurring  in  convalescence  [u-oiluce  a  seoond  rise 
in  the  leucocytes. 

Qiwlitattve  CItan'jM. 

The  most  sigiiificaut  fact  in  the  blood  of  variola,  according  to 
the  writers  already  quoted,  is  the  increase  in  mononuclear  cells. 
The  pei-centage  of  polynuclear  cells,  instead  of  being  increased  as  in 
most  infectious  diseases,  is  from  the  outset  diminished  {i.e.,  40  to 
60  per  cent),  and  may  go  as  low  as  14  to  20  {ler  cent.     Eosinophiles 

■8oc.de  Biol.,  Junc2eili.  IWIO. 

*Boc.de  Biol,  June  sad,  IBOO;  July  6tli,  ISOO. 
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range  from  iionual  (1-3  per  cent)  at  the  beginiiiug  of  the  disease, 
downward.  They  are  lowest  just  before  desquamation.  In  conva- 
lescence they  are  often  slightly  increased. 

Among  the  "  mononuclear  cells  "  the  increase  of  which  is  held 
by  Weil  to  be  characteristic  of  the  disease  are: 

(a)  Small  lymphocytes,  30-40  per  cent. 

(ft)  Large  mononuclear,  4-10  per  cent. 

(e)  Myelocytes,  3-10  per  cent  (even  25  per  cent  in  hemorrhagic 
oases). 

(d)  TUrck's  "Beizungsformen,"  2-10  per  cent. 

During  suppuration  and  desiccation  the  mast  cells  are  sometimes 
increased  (5  per  cent).  The  abnormal  leucocytes — (r)  and  (ti) 
above — are  present  from  the  very  Iwginning  of  the  disease  and  form 
a  very  characteristic  part  of  the  blood  picture.  They  persist  through 
puBtulation  and  diminish  only  in  convalescence.  Tliey  are  present 
in  mild  varioloids  as  well  as  in  severe  variola.  Complication  (pneu- 
inococcus  or  streptococcus  septicatniia)  do  not  mateiially  modify  the 
blood  picture,  unless  they  occur  Inie  in  convalescence.  In  conva- 
lescence a  polynuclear  leucocytosis  may  result  from  suppurative 
complications. 

Diaffnottir  I'lilai'. 

In  excluding  scarlatina,  measles,  purpura,  syphilis,  erythema 
multiforme,  the  blood  is  conclusive.  Varicella,  on  the  other  hand, 
produces  changes  in  the  blood  which  are  precisely  of  the  same 
type  as  those  of  variola,  though  less  in  degree. 


VARICELLA  (CHICKEN-POX). 

The  first  observation  of  which  I  aui  aware  is  that  reported  by 
ngel.'  In  a  child  of  Hve  he  found  during  the  height  of  the  pus- 
tular stage  a  moderate  leiieocy  tosis,  with  67  per  cent  of  neutrophiles 
(high  for  a  youDg  child),  aud  no  eosiuophiles.  Three  days  later, 
aa  the  pustules  were  healing,  the  neutrophiles  had  sunk  to  47  per 
cent  (normal  for  that  age)  aud  the  eosinopbiles  had  risen  to  16  jier 
cent. 

Nob63ourt  and  Merklen  (^Joiim.  de  Phi/a.  et  J*ath.  Gen.,  May, 
1901)  studied  15  cases  and  found  in  10  of  them  a  normal  or  subnor- 
mal leucocyte  count  and  in  6  a.  very  slight  increase  (highest  = 
14,600). 

'  15tU  Cong.  fUr  inncre  Med..  13BT. 
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The  polyimclear  cells  were  increased  in  6  and  diminiabed  in  7. 
Tbe  eosinopliiles  wei'e  always  scanty;  5  of  the  patients  showed 
myelocytes,  one  as  high  as  12.5  per  cent.  On  the  whole  the  blood 
seems  nut  to  b«  ilistinguishable  from  that  of  variola,  although  iu 
most  cases  the  total  leucocyte  count  and  the  percentage  of  myelo- 
cytes are  liigher  in  variola. 

Stengel  and  ^Vhite  (he.  eit.)  found  no  leucocytosis  iu  2  cases, 
12,800  in  a  third,  and  19,200  in  a  fouith,  which  later  developed 
pnciiinonia, 

ACCTE   ARTICULAR  RHEUMATISM. 

According  to  Hayem  and  Garrod  '  the  blood  constitutes,  as  in 
syphilis,  a  most  vahiable  measure  of  the  intensity  of  the  sickness, 
which  is  parallel  to  the  R^-erity  of  the  blood-changes  rather  than  to 
the  number  of  joints  affected.  The  fever,  the  intensity  of  the 
lesions,  and  the  state  of  the  blood  run  parallel,  in  a  general  way, 
but  the  degree  of  anemia  is  a  more  delicate  index  of  the  patient's 
cfluditiou  than  even  the  temperature  chart  (Garrod). 

The  Blood  «»  a  if-ftole. 

Fibrin  is  greatly  increased.  In  no  other  disease  except  in  pneu- 
monia is  the  network  thicker  or  more  rapid  in  formation.  Accord- 
ing tn  Maclagau,  this  is  to  be  explained  by  an  increase  of  tissue 
metamorphosis.  Coagulation,  on  the  other  baud,  is  not  quicker, 
but  slower  than  usual. 

Lactic  acid  is  present  in  excess,  but  cannot  be  clinically  esti- 
mated, nor  is  its  excess  peculiar  to  this  disease. 

The  alkalinity  of  the  blood  liad  been  reported  diminished,  but 
the  technique  is  not  considered  reliable  by  the  best  observers. 

Srd  C'eJh. — Hayem'  and  Osier'  state  that  the  poison  of  acuta 
rheumatism  is  a  powerful  and  rapid  destroyer  of  red  cells.  In 
acute  cases,  according  tn  Hayem,  the  red  cells  lose  at  least  1,000,000 
of  their  number,  and  in  oases  which  drag  along  and  relapse  the  loss 
is  from  1,500,000  to  2,000,000.  When  an  attack  is  cut  short  by 
salicylate  treatment  the  drain  on  the  corpuscles  is  stopped.  TUrck's 
careful  studies  led  him  to  the  same  conclusions.  Red  cells  and 
lieemoglobin  are  always  markedly  diminished  during  the  fever,  the 
haemoglobin  especially,  and  after  the  attack  a  post-febrile  ansemia 
of  varying  severity  is  always  left. 

'  British  MedfcAl  Journal.  May  28lh,  1893. 
'Ice.  ett.,  p.  917.  '" Practice  of  Mcdfduo,"  1895. 


So  far  as  my  experience  goes,  this  diminution  does  not  seem  to 
occur  iu  ail  cases.  Many  of  luy  cases  had  been  sick  some  weeks 
before  tlie  time  when  the  count  was  made,  yet  the  counts  are  not 
very  low.  The  average  count  of  red  cells  in  the  whole  group  of 
cases  is  4,300,000.  The  lowest  counts  were  2,528,000  witli  45  per 
cent  of  hBenioglubin,  3,248,000  with  45  per  cent  of  hemoglobin, 
3,456,000  with  50  per  cent  of  hEemoglobiu,  3,332,000  with  45  per 
cent  of  haemoglobin,  3,468,000  with  3C  per  cent  of  hsemoglobin, 
3,440,000  with  26  per  cent  of  heemoglobiu,  3,608,000  with  40  per 
cent  of  liSDUioglobm.  Only  13  cases  IkIow  4,000,000  iire  recorded 
out  of  113.  McCrae '  in  69  cases  found  the  average  to  be  4,532,000 
at  the  beginning  of  the  disease  and  observed  no  diminution  during 
the  later  course  of  most  of  tlie  cases. 

Qualitative  Chanr/ea. — Maragliano's  so-called  degenerative 
changes  in  the  red  cells  have  been  observed  in  this  disease,  but 
are  not  very  marked.  TUrck  found  erythroblasta  in  about  a 
quartet  of  his  cases.  Deformities  in  the  red  cells  are  usually 
slight. 

Htemaglobin. — As  in  all  secondary  anEemias  the  coloring  matter 
is  diminished  more  than  the  count.  The  average  )ifemoglobin  per- 
centage in  tills  series  is  sixty-three,  and  the  color  index  .73. 
MoCrae  (loe.  eit.)  states  the  average  of  liEenioglobin  in  77  cases  as 
66  per  cent,  a  figure  practically  identical  with  mine.  The  most 
marked  change  occurring  in  any  case  was  a  loss  of  20  per  cent  in  13 
days,  the  count  of  red  cells  being  unchanged, 

Leucocytes. — All  observers  agree  that  leucocytosis  is  the  rule  and 
that  its  degree  is  roughly  parallel  to  the  acuteness  and  severity  of 
the  attack  (the  individual's  vigor  of  reaction  is  always  a  factor)  and 
the  amount  of  fever.  TUrck  insists  that  complications  (pneumonia, 
pericarditis,  pleurisy)  are  pi-esent  whenever  the  count  rises  over 
20,000,  and  in  this  he  is  supported  by  Ewing.  Ko  such  complica- 
tions were  discovered  in  many  of  the  cases  of  Table  XV.  ichich  exceed 
20,000,  but  this  table  shows  that  iu  80.5  jrer  cent  u£  243  cases  the 
leucocytosia  was  under  18,000.  McCrae's  average  iu  83  eases  is 
11,700;  mine  in  243  cases  is  13,800.  In  29  of  his  cases  the  count 
was  10,000  or  less.  The  remaining  54  cases  average  14,200,  or 
15,380  if  the  highest  count  is  taken  in  each  case.  There  were  17 
oases  with  over  15,000  leucocytes,  4  with  over  20,000,  and  1  of 
38,000.     All  cases  complicated  with  pericarditis  showed  leucocy- 

'  McCnw:  f.  Am.  Med.  Ass..  January  24tli,  1908 
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tosia,    but  no  constant  connection   between  leukocytosis  and  en- 
docarditis. 

Rogers'  noted  leuuocytosis  (13,500  to  5fi,000)  in  21  out  of  23 
cases.  The  following  tables  illnstiate  tlie  vai-iations  of  the  leuco- 
cytes in  a  fairly  typical  way  r 

Table  XV,,  A.— Accte  Articclab  Rhecmatibm. 
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Table  XV.,  B.— Acute  Articular  Rqecuatibu  with  Coupucatioks.                 H 
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Table  XV..  D.— Subacutb  Abtioui<ab  BasDiuTieM  (OotMtmti). 
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Table  XT.,  B.— CnnoNic  Rreumatibm,  Chieflt  Articulab. 
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Table  XV.,  E.    "Mi'scllar  Rheumatism." 


No. 
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4 
5 
6 
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During  febrOe 
Lumbitgo. 


The  average  leueocytosis  in  the  acute  cases  is  13,800  in  those 
mild  and  more  chronic,  so-called  ^^  subacute,"  cases  the  leucocytes 
range  lower,  averaging  9,760;  while  in  chronic  rheumatism,  whether 
articular  or  muscular  (including  lumbago),  there  is  no  increase 
at  all  (average  =  7,450).  In  acute  cases  the  leueocytosis  subsides 
with  the  joints,  rising  again  if  relapse  or  complication  occurs.  The 
polynuclear  cells  are  absolutely  increased  with  an  absolute  diminu- 
tion of  the  lymphocytes.  The  eosinopliiles  rarely  disappear  as  in 
most  infections.  After  the  very  earliest  days  (when  they  may  be 
scanty  or  rarely  absent)  they  are  increased  despite  the  fever  and 
exudation.  In  convalescence  they  run  even  higher,  13.8  per  cent 
(or  970  absolute)  in  one  of  Tilrck's  cases.  During  the  fever  TUrck 
noted  mvelocvtes  and  stimulation  forms  as  in  other  infections. 

Blood  plates  are  much  increased  during  tlie  fever. 

In  IV2  cases  of  artJirifis  drfonnnns  treated  at  the  Massachusetts 
General  Hos})ital  the  blood  w;is  normal  except  for  a  slight  deficiency 
of  haemoglobin  in  two  cases. 

Sumuianj. 

Slight  secondary  anaemia.  Aiuemia  with  leueocytosis,  the  de- 
gree of  which  is  a  measure  of  the  severity  of  the  infection. 

Dingnnsfir    J'f/hir. 

The  blood  tells  us  little  if  anything  that  could  not  be  learned  in 
other  ways.  It  does  not  differ  at  all  from  that  of  septic  arthritis 
or  from  that  of  acute  ijonorrhccnl  arthritic. 

The  only  cases  that  1  lemeiiiber  in  which  a  blood  examination 

has  been  valuable  are  the  following: 

Cask  I. — The  patient  had  muscular  pains,  fever,  and  a  history 
of  a  malarial  attack  some  months  earlier.     Tlie  question  to  be  de- 
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cided  by  tlie  blnod  txaiiiination  was  between  malaria  and  "rheuma- 
tism." The  leucocytes  wei*  23,600  per  cubic  iii  11  li  metre,  which 
made  it  clear  that  the  case  was  neither  malaria  aor  "  rheumatism," 
since  the  fornier  Lever  increases  the  leucocytes  and  the  latter  could 
give  so  iiigh  a  count  only  in  case  genuine  articvltir  inflaiuiaatiou 
were  preseut.  The  ease  turned  out  to  be  croupous  pDeiinionia,  which 
the  high  leucocyte  count  strongly  suggested. 

Case  II.— The,j^iatient  presented  ayuiptoms  and  signs  of  acute 
polyarticular  rbeuinatiam  witli  fever.  The  fever  came  down  under 
salicylates,  but  soon  rose  again,  and  the  man  became  wildly  de- 
lirious. Hia  delirium  persisted  after  the  salicylat*  was  stopped. 
Several  joints  continued  swollen  and  tender.  The  fevec  was  very 
moderate,  ranging  between  99"  and  101°.  There  were  no  rose  spots 
and  no  enlarged  spleen.  The  question  arose  as  to  whether  it  was  a 
case  of  sepsis  with  localization  in  the  joints,  or  whetlier  it  was  a 
case  of  typlioid  supervening  on  an  arthritis  of  some  kind.  The 
blood  count,  wbicli  was  repeated  several  times,  always  showed  a 
perfectly  normal  blood  except  for  a  slight  aiiiemia.  The  suLee- 
quent  course  of  tbe  case,  during  which  he  remained  for  nearly  three 
weeks  more  or  less  delirious,  made  it  clear  to  Dr.  F.  C.  Shattuck, 
under  whose  care  the  patient  was,  that  tlie  diagnosis  was  typhoid. 

Chronic  rlieumatism  (muscular  or  articular)  produces  no  con- 
stant blood  changes  appreciable  by  clinical  methods  (see  Table 
XV.,  Daud  E). 

ASI.\TIC  CHOLER.'V. 

In  DO  other  disease,  so  far  as  I  am  aware,  has  an  add  reaetitm 
In  the  blood  Iwen  reported.  This  is  at  the  end  of  life.  All  observ- 
ers agree  that  the  alkalinity  is  at  least  greatly  reduced. 

Our  knowledge  of  the  corpuscles  is  best  summed  up  in  Bier- 
uacki's '  study  of  38,  and  Rogers '  of  23  cases. 

Red  Cells. — In  the  stadium  til/fidvm,  or  stage  of  collapse,  most 
of  the  symptoms  are  due  to  the  great  concentration  of  the  blood 
from  the  loss  of  serious  duids  in  the  stools,  Hayem  found  the  in- 
crease of  red  cells  from  this  concentration  to  amount  to  from  1,000,- 
000  to  1,500,000  per  cubic  millimetre. 

Riemacki '  found  7,662,500  in  one  case  twenty-fonr  hours  after 
the  beginning  of  the  disease.  The  specific  gravity  may  be  as  high 
OS  1.071  or  1.072. 

Vnite  Cells. — Loucocytosis  is  present,  not  merely  as  the  result 
of  concentration,  but  as  a  genuine  increase  to  at  least  double  the 
normal  count.     Biemacki '  and  Rogers '  each  found  that  cases  with 
'Bieruacki:  Deut.  med.  Woch.,  18B5.  No.  48. 
■Itogcrs:  Lancet.  September  6tli,  1902. 
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particularly  high  counts  (20,000  to  60,000)  were  soon  fatal,  so  that 
thej'  consider  a  marked  leucocjtosis  in  the  algid  stage  as  a  bad 
prognostic  sign,  although  patients  also  die  with  low  leucocyte  coQi*ts 
in  this  period.  Thus  11  out  of  14  cases  with  counts  over  20,000  died, 
while  only  4  out  of  9  cases  with  counts  under  20,000  died  (Rogers). 
Such  a  Aeucoc3'tosis  does  not  occur  in  ordinary  diarrhoea  or  dysen- 
tery. 

Leucocytosis  is  present  as  early  as  twelve  hours  from  the  iirst 
symptom  and  lasts  at  least  as  late  as  the  sixth  day.  In  the  stage 
of  reaction  it  usually  decreases.  In  one  very  mild  case  reported  by 
Biemacki  there  was  not  only  no  increase,  but  leucopenia  (4,375  per 
cubic  millimetre),  and  Rogers  noted  counts  of  2,000  and  4,000. 

The  differential  count  shows  usually  from  eighty-two  to  ninety- 
five  per  cent  of  jiolyniiclear  cells  and  a  corresponding  diminution  of 
the  lymphocytes.  Roger's  figures  seem  to  show  that  a  large  number 
of  ix)ly nuclear  cells  (absolute  and  relative)  and  a  small  percentage 
(under  10  per  cent)  of  lymphocytes  means  death  in  three-quarters 
of  the  cases,  while  more  than  one-half  of  the  cases  showing  over  10 
per  cent  of  lymi>h(X»ytes  recovered.  On  the  other  hand  an  absolute 
and  relative  decrease  of  large  mononuclear  forms  was  associated 
with  recovery  in  4  cases  out  of  5,  while  of  18  cases  with  over  2,000 
large  mononuclear  cells  ])er  cu.  mm.  14  died.  The  eosinophiles  are 
8^'anty.  Sherrington  '  found  the  mast  cells  notably  increased  in 
some  eases. 

KHYSIPELAS. 

Ehrlieh,  Ilalla,  P(*e,  Keiiiert,  Kieder,  and  von  Liml^eck  agree 
that  leuecK'vtosis  is  usuallv  ])reseut  in  well-marked  cases.  Von 
Liuii>eck  finds  the  *' leucocyte  curve'"  to  run  roughly  parallel  with 
the  teiujM'rature  chart,  sonietiuies  beginning  to  fall  a  little  l>efore 
the  latter.  The  counts  rarely  run  verv  hitrh,  vet  Jieinort  counted 
.'"59,027  in  one  easr.  V(M'  noted  that  tlu^  leuco<*vte  count  increases 
only  while  the  j)rocess  is  sj)reading,  and  that  the  size  of  the  count 
was  a  tolerably  accurate  measure  of  the  severity  of  the  case. 

Ki«Mler  found  in  seven  cases  an  average  of  C)nly  lo,000  per  cubic 
niillinn^tre  despite  very  high  temperatures.  In  one  case  the  leuco- 
cyte count  remained  high  after  the  temperature^  had  fallen,  but  in 
the  others  it  antiei])ate<l  the  temperatur(»s.  In  one  mild  case  he 
foiHid    no    leucocytosis.      P()lymor})honu(dear  cells    are  greatly   in- 

'  Shcrrinirton:  Proc.  Royal  Soc,  1894.  p.  180. 
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creased  its  in  other  forms  of  leut^ocytosis.     Hayem  noticed  the  BSme 
dependence  of  the  leucocyte  count  upon  the  severity  of  the  process. 

OhantemesBe  and  Bey  {Pfeser  Jietl.,  1899,  vol.  vi.,  p.  aiC)  find 
that  in  most  caaea  the  degree  of  leucocytosia  is  parallel  to  the  tem- 
perature curve,  though  the  leucocytes  may  fall  Iwfore  the  fever.  In 
patients  with  average  resisting  power  the  highest  counts  accompany 
the  highest  temperature.  When  the  ai'ca  of  disease  extends  the 
leucocytes  generally  rise.  At  the  height  of  the  fever  Ihe  polynu- 
clear  cells  are  much  increased  at  the  expense  of  the  other  forms, 
while  in  defervescence  these  conditions  ai'e  reversed. 

From  the  third  daj'  to  the  end  of  tlie  fever  the  polynuclear  cells 
steadily  diminish  in  favorable  (adult)  cases.  In  the  aged  the  poly- 
nuclears  are  especially  hlgli,  while  in  children  the  lymphocytes  are 
increased,  especially  at  the  height  of  the  process.  Persistence  and 
return  of  high  polynuclear  count  nieaim  relapse,  according  to  these 
writers. 

Tablb  XVI.— Ehvbipelas. 
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In  eleven  cases  at  the  Massachusetts  General  Hospital  I  found 
leucocytosis  in  all  hut  three,  and  these  were  very  mild  cases.  As 
in  most  infections,  the  usual  abnormal  forms  (stimulation  forms  and 
myelocytes)  may  be  abundant  at  the  climax  of  the  process.  Ttlrck 
records  five  per  cent  of  myelocytes  (3^  absolute). 

When  the  disease  occurred  in  "scrofulous''  cases,  Hayem  found 
only  7,000-8,000  leucocytes  per  cubic  millimetre,  while  in  cases 
with  very  extensive  process  and  high  fever  12,000-20,000  were 
present.  He  found  also  a  loss  of  500,000-1,000,000  in  the  count 
of  the  red  cells,  according  to  the  sevi'vity  of  !li>'  case.     This  showed 
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itself  particularly  just  before  the  fall  of  the  temperature.  I  have 
seen  no  refei*ence  by  other  writers  to  tho  condition  of  the  red  cells 
in  this  affection. 

TONSILLITIS  (FOLLICULAR). 

Halla*,  Pick,'  and  P^e '  found  leucocytosis  as  a  rule  in  uncom- 
plicated follicular  tonsillitis;  Hieder  found  it  in  a  case  complicated 
with  acute  nephritis. 

The  following  table  confirms  these  observations  in  the  maini 
though  in  mild  cases  no  leucocytosis  was  present. 

Table  XVII.— ToNSfLLrns. 


nemtrki. 


White 

Percent 

i 

Ase. 

1 

•  • 

Red  cells. 

cells. 

himio- 
fflobin. 

1 

19 

41,000 

90 

a 

20 

86.000 

85 

8 

2 

84,400 

.  •  ■  • 

• 

•  • 

26.900 

•  •  •  • 

•  • 

•  • 

26.800 

•  •  • . 

4 

2 

28,100 

85 

5 

7 

28.000 

•  • 

6 

29 

28.400 

85 

7 

8 

•  •  •  •       •  •  • 

28,800 

60 

■  • 

•  • 

•  ••••••• 

12,400 

•  •  •  • 

8 

28 

28,100 

•  •  ■  • 

•  • 

*  ■ 

7,600 

. .  • 

9 

19 

22,000 

80 

•  • 

•  • 

14.500 

•  •  •  • 

10 

21 

•  •  •       •  •  •   • 

21.700 

62 

11 

18 

•  •  •       •  •  •  • 

21,200 

•  ■  •  • 

12 

22 

21.000 

90 

•  • 

•  • 

18,000 

•  •  •  • 

18 

22 

F 

1 

4.868,666 

19.200 

85 

14 

22 

18,500 

•  •  • 

15 

27 

18.200 

100 

16 

26 

18,100 

•  •  •  • 

Vi 

21 

F 

1 

18.000 

<   •  •  • 

18 

24 

18,000 

»  •  •  • 

19 

27 

31 

[. 

18.000 

•  •  •  • 

20 

20 

17,500 

75 

21 

87 

17.400 

75 

22 

12 

17.800 

■  •  •  • 

28 

28 

17,000 

95 

24 

28 

16,800 

■  •  •  • 

25 

21 

F 

1 

16,800 

•  •  •  • 

26 

25 

F 

» 

16.200 

•  •  •  • 

27 

80 

F 

1 

4.750,000 

16,000 

80 

28 

28 

• 

16,000 

80 

29 

24 

• 

16,000 

•  •  •  • 

Temperature  102.9  (acute). 
Temperature  102.8  (acute). 


Acute  follicular. 

July  7th. 

July  9th. 

Dec.  24th.    Follicular. 

Dec.  26th. 

Acute  follicular. 


Acute  follicular. 

Feb.  2d.    Acute. 
Feb.  8th. 


Nov.  lat 
Nov.  8d. 


Acute  follicular. 

Streptococcus. 

Acute  follicular. 
Temperature  101. 


>  Zeitschrift  f.  Heilk.,  1888,  p.  198. 
•Frag.  Med.  Woch.,  1890.  p.  308. 
•Pee:  Inaug. -Dissert.,  Berlin,  1890,  p.  8. 
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celto. 

13,500 
15.000 
14.800 
14.400 

i4,aoo 

14.600 
14.400 
16,(<00 
14,000 
14.000 
13.500 
13,500 
1^5.000 
13,3( 
13.200 
13.200 
13,250 
12.000 
11,900 

11.8 
11,600 

11.500 
11.000 
ll.Otfl 
10.900 
10.500 
10,000 
9.600 
9.200 


7.925 

7.700 
6.800 
6,500 


Six  days  ;  slight. 

-Acute  follicular. 

August  Ist. 
August  5tb. 
August  8th. 
Aurust  Bth. 
Follicular. 

Convalescent. 
Follicular. 


Follicular. 

tjtreptococcus ;   slight  articu 

lar  rtit^u mutism. 
Pollicular 
Temperature    104.8.     Aortio 

Itv^lirgllutioil. 
Chronic  recurrent,  out  in  two 

Follicular. 


August  12tb. 
August  Hill. 
■    iixniturtlOa.  Follicular. 
ipcmturi:  100.4.      Folllc- 

January  15th.     Follicular. 
Follicular;  slight;    tempera- 
ture 99°  next  day. 

Bronchitis. 


At  the  close  of  the  attack  a  slight  eoeiuophilis  has  been  noted 
by  several  observers. 

The  blood  exatniiiatioD  haa  no  diagnostic  value  so  far  as  1  am 
aware.     It  is  wortli  knowing  that  a  simple  tonsillitis  can  cause 
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leucocytosis,  to  the  end  that  if  such  is  discovered  on  blood  examina- 
tion we  need  not  suppose  that  some  other  process  is  present  to 
account  for  the  increase. 

GRIPPE. 

"  Grippe  "  is  a  term  very  loosely  used  to  designate  any  infection 
of  relatively  short  course,  especially  if  catarrhal  symptoms  are  pres- 
ent. Seldom  is  the  diagnosis  established  by  satisfactory  bacterio- 
logical evidence.  In  all  probability,  therefore,  many  of  the  cases 
included  in  the  table  below  are  not  true  "influenza." 

The  references  to  the  haematology  of  the  disease  in  literature  are 
very  scanty.  Orion  {ArcJiiv,  d.  MeiL  milit,,  1890,  p.  280)  found 
fibrin  increased  during  the  early  days  of  the  disease.  Rieder 
(Jdiinch.  ined,  Woch,,  1892,  xxxix.)  found  no  leucocytosis  in  grippe 
and  but  little  in  the  "catarrhal  pneumonia"  following  it  (Ttirck). 

Blum  (JVien,  klin.  Woch.,  April  13,  1899),  found  normal  or  sub- 
normal counts,  the  latter  especially  in  the  "  abdominal "  type  of  the 
disease.  Gerber  (ibidem,  1900,  Nos.  25-27)  and  Stengel  report 
figures  much  like  mine,  i.e.,  rarely  over  15,000  per  cu.  mm. 

The  following  table  shows  that  the  leucocytes  are  normal  in 
about  two-thirds  of  the  cases.  One  hundred  and  seven  of  the  three 
hundred  and  nine  cases  showed  leueooytosis,  hut  in  several  of  these 
some  eoini)licacion  was  very  possil)ly  i)resent.  Only  .'U,  or  11  per 
cent,  showed  over  15,000  leuooeytt'S.  The  ahsence  of  leueooytosis  is 
of  importance  in  (.'wXwiWw^J!,  jmnt tn <n) i<i  and  lorul  hfffaynfuafon/  con- 
ditions. Tlie  leucocyte  count  does  not  help  us  to  distinguish  the 
disease  frMu  ff/jf/tolt/.  In  this  decision  the  serum  reaction  is  our 
mainstay  (see  i»a<;(*  529).  Ironi  mahiria  it  may  he  distinguished 
by  the  al)sence  of  malarial  ort^anisnis.  In  one  case,  after  an  oper- 
ation for  traumatic  e|»ilepsy,  the  temperature  rose  to  104%  with  a 
chill,  and  the  (juestion  of  menins^itis  was  considered.  The  ahsence 
of  leucocytosis  excluded  the  nuMiinj^ntis,  and  the  attack  turned  out 
to  be  grippe,  which  was  just  then  very  prevalent. 

Tault:   XVIII. -Guippk. 

Between    2,000  and  8.000  =  3  cases. 

:3,000    "  4. (MM)  =  S      " 

"  4.(MM>    •*  ^.(MM)  -  l.j       *' 

"         r).(M)0    ''  ().0(M)  -  22      '* 
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Table  XVIII.— Grippe  (Continved), 

Wbtte  Cells. 

Between  6,000  and  7,000  =  40  cases. 

"    7,000  "   8,000  =  25  *• 

8,000  "   9,000  =  28  ** 

9,000  •*  10.000  =  88  *• 

•*   10,000  "  11,000  =  27  *• 

"   11,000  "  12,000  =  24  ** 

-  12.000  "  14,000  =  88  ** 
"   14.000  **  15,000  =17  *• 

-  15,000  "  16,000  =10  - 
*•  16,000  «  17,000  =  7  " 
"  17,000  "  19,000  =  5  " 
"   19,000  "  20.000  =  6  *• 


M 


20,000    "    21,000  =    2 
21,000  +  4 


Total  =  309     *• 

Red  Cells. 
Between  8,000,000  and  4,000,000  =    8  cases. 
4,000,000    "     5,000,000  =  10    ** 
5,000,000    "    6,000,000  =  15    " 

28    *• 

SEPTICAEMIA. 

Puerperal  septicaemia,  infected  wounds,  septic  arthritis,  septic 
endocarditis,  general  infections  with  pyogenic  bacteria,  "pyaemia," 
are  all  identical  so  far  as  their  effects  on  the  blood  are  concenied, 
and  will  be  considered  together  under  the  general  head  of  Septi- 
caemia. 

Bftcferiolof/1/  of  the  Blood, 

Cocci  can  be  demonstrated  in  cultures  from  the  blood  of  septi- 
caemia more  frequently  than  in  any  other  class  of  infections.  Ro- 
senbach  '  in  1884  found  streptococci  and  staphylococci  in  sepsis. 

Garre  ^  in  188.")  found  the  last-named  coccus  in  a  case  of  osteo- 
tnyelitis.  In  1890  v.  Eiselsberg'  found  staphylococci  in  ten  cases 
of  septic;  wounds  and  one  case  of  osteomyelitis,  and  streptococci 
and  staj)liyl<>eoeei  together  in  five  more  patients  whose  wounds  had 
IxM'ome  septic. 

'  "  Microorganismen  b.  d.  Wundinfectionskrankheiten,"  etc.     Wiesbaden, 
1884. 

«  Fortsch.  d.  Med.,  1885.  No.  0.  »  Wicn.  klin,  Woch..  1890,  No.  30. 
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Czeniiewsky/  Stem,  and  Hirachler*  found  the  same  organiama 
in  puerperal  fever,  the  former  obeenrer  in  five  casea. 

Bmnner,*  Hoff/  and  Blum*  found  pyogenic  staphylooooci  in 
pyeemia  and  sepsis^  and  Saenger/  Roux  and  Lannois/  Canta  *  and 
Bommers*  had  equal  success,  each  in  a  single  case. 

Canon  '*  and  Sittman  "  investigated  large  numbers  of  cases  with 
many  positive  results,  and  Grawitz  "  and  Petruschky  '*  and  Cohn  " 
were  successful  in  finding  pyogenic  cocci  in  the  blood  of  cases  of 
ulcerative  endocarditis  as  well  as  in  other  septic  infections.  Her- 
schlaff  '*  found  them  in  erysipelas,  acute  tuberculosis,  perforated 
typhoid  ulcer,  etc.  Ktthnau,"  on  the  other  hand,  was  unable  to  find 
anything  in  the  blood  of  twenty-three  severe  pysBmic  cases,  and  was 
successful  in  only  one  out  of  twelve  cases  of  ulcerative  endocarditis. 

Taking  the  results  of  all  these  investigators  together  with  those 
of  White,"  Krauss,*' James  and  Tuttle,"  Brieger"and  Neumann,-' 
we  get  a  total  of  316  cases,  with  107  positive  results,  or  33  per 
cent.  I  agree  with  Da  Costa  that  these  figures  give  too  favorable 
an  impression  as  to  the  value  of  blood  culture  in  sepsis.  Still 
Grawitz  insists  that  if  we  are  not  content  with  a  single  trial  in 
negative  cases,  the  majority  of  cases  show  the  presence  of  pyogenic 
organismR,  and  that  in  obscure  septic  cases  the  diagnosis  may  be 
greatly  fiieilitatoil  by  such  jin  examination.  Negative  results  are 
of  course  very  far  from  excluding  septicteniia,  but  positive  ones  are 
sometimes  of  great  value  if  proper  precautions  are  taken  in  the 
technique  of  the  examination.  In  the  diagnosis  of  malignant  endo- 
carditis, often  a  most  difficult  one,  (irawitz  thinks  blood  cultures 
are  esj)ecially  im])ortant  and  likely  to  prove  positive  when  the  dis- 
ease is  present  (see  Diseases  of  the  Heart,  p.  34f>j. 


»  Archiv  f.  Gyuttkol.,  1888.  No.  33. 
»  AVien.  humI.  PrestM?,  1888,  No.  28. 
3  Wirn.  klin.  Wmih..  1H91,  No.  20. 

*  I)i8.s<Tt.  StniR-sburK.  1890. 

*  MOncli.  nicd.  Wo<h.,  1893,  No.  16. 
«  Di'Ut.  nu*(l.  Wooh.,  1889,  No.  8. 
'R<'vn(Mlo  Med.,  No.  12. 

"  Hif.  Med.,  1892,  No.  9«. 
»  Diiit.  nu'd.  AVodi..  1893,  No.  16. 
»«•  Deut.  Zcit.  f.  Chirrup'..  1893.  p.  571. 
"  Deut.  Arch.  f.  klin.  Me<1..1894,  p.573. 
"  (Imrite-Animlen,  1804,  vol.  x. 
'=»  Zeit.  f.  Hygiene,  1894,  pp.  59 and  413. 


'^  IX^ut.  med.  AVoeh..  1897,  No.  9. 
i*8cin.  Med.,  1897,  p.  105. 
'«  Deut.  med.  AVooh..  1897,  No.  25. 
"  White:  Jour,  of  E.xp.  Med.  1889, 

vol.  iv.,  p.  425. 
>8  Kmu.ss:  Zeit.  flU  Heilk.,  1896,  vol. 

xvii..  ]>.  117. 
**  James  and  Tuttl<':  Report  of  Pres- 

byteiian  Ilosp.,  1898,  p.  46. 
«*>  Briefer:  Charite-Annalen,  1888,  p. 

198. 
"'  Neumann:     Berl.     klin.    Woch., 

1888.  vol.  XXV.,  p.  143. 
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Almost  all  observers  agi-ee  that  the  tinding  of  pyogenic  cocci 
(except  the  staphylococci! a  albus)  in  the  blood  makes  the  prognosis 
almost  surely  fatal.     Tlie  toxicity  iif  the  blood  is  doubled. 

Red  CelU. — All  observers  agree  that  very  marked  anasmia  is 
present  in  severe  cases.  Ked  uiarrf)w  post  mortem  I  have  seen  in 
two  instances.  Roscher's'  investigations  tend  to  show  that  the 
diminution  in  i-ed  cells  in  septicaemia  is  greater  than  in  any  other 
infective  disease,  and  appears  iu  a  shorter  lime.  He  found  such  a 
iliminntion  present  no  longer  than  a  few  lionrs  from  the  beginning 
of  the  illness.  He  finds  the  amount  of  aneemia  proportional  to  the 
severity  of  the  case,  and  (reckoning  by  means  of  the  estimated  solid 
residue)  concludes  tliat  whenever  the  blood  has  lost  one-quarter  of  its 
substance  or  more,  death  follows.  He  considers,  thei-efore,  that  help 
as  to  prognosis  is  given  us  by  the  blood  examination  in  septicfemia. 

The  serum  becomes  very  watery,  partaking  of  the  general  atro- 
phy of  the  blood  tissue.  In  a  case  of  intensely  acnte  puerperal 
sepsis,  with  profuse  uterine  bleeding,  Grawitz  found  the  red  cells 
reduced  to  300,000  (!)  although  the  patient  had  been  sick  less  than 
twenty-four  hours.  The  case  seems  almost  incredible,  but  is  re- 
ported in  great  detail  iu  the  author's  recent  texUmok,  to  which 
reference  has  so  fi-equently  lieen  made.  He  accounts  for  it  by  the 
oombination  of  bfemolysis  and  dilution. 

Jn  eleven  cases  of  puerperal  sepsis  seen  at  the  Massachusetts 
General  Hospital  iu  recent  yeai-s  the  red  tells  averaged  3,500,0<i0, 
which  is  very  low,  considering  the  shortness  of  the  illness  In  n.ost 
cases.  (The  influence  of  hemorrhage  during  parturition  must  of 
course  be  taken  into  accoiuit.) 

In  most  of  the  septic  wounds  which  I  have  seen  the  counts  have 
not  been  low.  But  in  one  case  of  septicemia  from  a  suppurating 
fibroid  of  the  uterus  the  red  cells  numbered  only  1,800,000.  Ewing 
reports  a  septic,  endometritis  with  1,(100,000  red  cells.  In  a  case 
of  puerperal  sepsis  of  only  a  few  days'  dnration,  Jn  a  woman  not 
previously  aniemio,  Hayem '  recently  reports  the  following  figures: 

December  BU— Reil  cdls 1,450,1)00 

Wliite  cells T,500 

Ilretnoglobin SO  per  cent. 

December  6tli— Rt-il  cells 3.5:8.000 

White  cells t<.000 

HaTiifiglobiu 40  per  cent. 

'  Inaug.  Disaert.,  Bcrlm,  18S4.  '  Lu  Meil.  MoUemc,  January  13lh,  1S9T. 
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31.000 
7.200 

65  per  cent. 


ir  a4Ui— Red  cells  4.2; 

WhlU-  cells 

Bsmogloblti 


(Heeoverj.) 

'h  oases  ate  tbe  best  examples  we  Imve  of  an  arutp 
rhage  excepted) 
li,(Brniogl*Ai>i  Is  usually  dimukislied  about  as  much  : 


I  are  the 


eated  red  cells  are  very  often  seen;   whether  or  not  they 
guostic  value  oaunot  yet  be  stated.     lu  differential  dlagiio- 
.1  presence  helps  as  to  exclude  typhoid  and  luiliary  tuberou- 
ui  which  diseases  they  rarely  are  found. 


TA£LK   XIX.— FUBRPEIIAI.   bKPTlCVMIA. 

IVrwnt 

■K'- 

Bei. 

ItedwiUfc 

Whiwoell.. 

Ki™S: 

Remu-kL 

F. 

77.500 

Autopsy. 

F. 

a. 800, bob 

an,  000 

F. 

3,900,000 

23,  BOO 

21,000 
O.BOO 

68 

Tn-o  days  liefor*  delivery. 

Day  or  dfliT^r}-. 

One  day  after  delivf  ry. 

Five    dajB   after    delivery; 

15,500 

breaals  caked. 

15,000 

Ten  days  after  delivery. 

11.800 

Twenty-six  days  after  delivery. 

28 

F. 

8.784,000 

83.000 
13,600 

8,800 

MiBoarriage   Are  daysli^rore: 

septic ;  curetted. 
Three  days  later,   temperature 

fallinK. 

normal. 
Fourteen   days  1nl«r,  lemiMra- 

18,800 

lure  up  ;  curMieil  again. 
Fifteen  daya  later,  temjieraturo 

14. «» 

falling. 

15,000 

fatliDg. 
Thirty-two  .lays  later,  temper- 

9.300 

ature  falling. 

90 

F. 

M.800 

84 

F. 

i.ysoo 

SepteniV«r    Sd,  1B97. 

as,  600 

Spptember    0th.  chilla. 

33,000 

'September  I3lh. 

Sfi.oon 

apTit'-inlier  1  Sfh.     Her  overpd. 

as 

F.    S.  886.000 

20,000 

ai.oBo 

50 

April  lat.  1894. 
April  8d,  1804. 

33 

F,    4.B04.000 

iJ,HO0 

Cur-ctled. 

Out-  week  later.  welL 

94 

F.    8,668.000 

18,^00 

F 

Mnrk.-d 

Polymoriihonuclear    oelU,  »4f: 

iucreue 

lymph ocytH.  6J. 

■^^^^^^^BB^^^^^^^^^^^^PH 
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f                       Tabm^  XIX 

—  PUEUPEUAL  BeptIC.KMIA  (Cuntinual).                                                   M 

" 

=•'                   n.^™                                     1 

Ase. 

Red  cells. 

WSllB  fella. 

% 

£^.   i                       RBmnrm.                                            ^ 

n 

IT 

fT 

5.868,000 

5,600     1                  Di»i.                                                                      ■ 

13 

34 

3.438,000 

33,600 
S8.800 

45 

Willi  general  periloniLis. 
Secondary  nperatioD. 

13 

19 

3,536,000 

0,600 

July  IBth.  Pelvic;  celluUHa,  Diff. 
cjunt    500    cells     (clilorods). 
PoiynucliTar,     78s ;     lymplio- 
cytea    (a.),    22;    lympliocj-tw 
(1,),  4;  poslnoplilles.  IS.    Red« 

slight  irreijukrity  in  size  and 

sliane.  No  Diick'Utcd  reds  seen. 

6.800 

Jtily  2«lb. 

14 

28 

4.400,000 

14,500 
13,400 

7.400 
17,500 
12,200 

9,300 

45 

May  2(i.     Witli  toxic  neplirliis. 
May  eth. 
Mav  141(1. 
May  24tli. 
day  28tb. 

15 

2fl 

4,056,000 

12,400 

80 

June   sib.     Seccndurv   anBcmla. 
Polynnclcar.  86.ft*  ;  lympbo- 
cvtea  (s.).  9.4$  ;  lymphocytes 
(1.),  8<  ;  cosinopbiles,  .SJ:  my- 
elocyles,    .Sj,      Reds    Btai^n 
pBlelv    in    ccDlrea.    moderate 

noikflocytosis  and  irregularity 
in  aize.    Normobksls.  1. 

U.KOO 

June  14tli. 

18,400 

June  28tb, 

16 

27 
40 

12,300 
8.200 
11.400 

9.S00 

December  5Ili. 
December  9th. 

December  llth.  died.     P..  140- 
170;  T-lOS'-lOS-jR..  35-60. 
T,  104°.     Recovered, 

is 

3S 

P. 

33.400 

13.600 
15,2W 
14,  WW 
H.4<X) 
10.200 

75 

Jan.  S2d.                                             ^^^1 

-■ 

T*J 

LK  XX.,  A.— Septic  Wounm.                                                     | 

•i 

AV>- 

s!~- 

»1U. 

BemBrka.                                                    fl 

I 

87 

F.    6.880.000 
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Table  XX.,  C. — General  Beptic^mia. 


24.900 

20,400 
2K,600 
81,700 


Temp.  104°. 
Pulse.  93, 
A  pex  220 
.Cardiac  dilatatinn.    Death. 

Suppurating    tibrold.      Strepto* 
A  fntal  caw,  yet  iiofeter.'    Strep- 
June  Slllli. 
June  »Oth. 
IuIt  Ut. 
TulV  8d. 
July  4tb. 


SEPTICEMIA. 
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Table  XX.,  C. — General  Qkptic jruul  (Cantimted). 


& 


6 


7 
8 
9 


10 


11 
12 


13 


44 


48 
20 
11 


RedoellB. 


White 
cells. 


24.800 
28,500 
24,000 


20.700 
30,700 

12,100 
27.000 
10,800 
18,000 
18,600 
19.400 
18,200 
12,200 
12,400 


Percent 
b8Bmo- 
Rlobln. 


Remarks. 


10,400 
11,000 
22,000 
34,000 

•  • 

•  • 

•  • 

•  • 

83 

•  • 

24,000 
19,400 
18.000 
19.600 
43.200 

75 

•  • 

•  • 
• 

•  • 

55 

•  • 

10.100 

•  • 

83 

•  • 

4.1*60,666 

22,000 

16,000 
22.000 

45 

88 

•  • 

19,800 
29,100 
27,200 
25.200 

July  5th. 

July  6th. 

July  8th. 

June  80th.  Differential  count, 
400  cells. 

Poly  nuclear,  86. 

Small  lymphocytes,  5.5. 

Lar^e  lymphocytes,  8. 

Eosmophiles,  0.5. 

Cholangitis. 

Pus  in  eye  and  throat.  Strepto- 
coccus. 

Cause? 

Septic  leg.  pus  burrowing. 

December  15th. 

December  17th. 

December  19th. 

December  20th. 

December  21st. 

December  28d. 

December  28d. 

December  28th. 

January  5th. 

January  15th. 

January  19th.    Autopsy. 

April  24th. 

April  26th. 

May  1st. 

>Iay  8d. 

May  11th.  T.  104f.  No  au- 
topsy. 

Pneumococci  in  blood.    Autopsy. 

Multiple  septic  embolism.  Sugar 
in  urine. 

Tenth  day. 

Seventeenth  day.    Autopsy. 

First  day. 

Third  day. 

Fourth  day. 

Sixth  day. 


Deformities  in  the  shape  and  size  of  the  corpuscles  are  not  usu- 
ally marked  except  in  the  severest  cases.  Ewiug  has  noted  a  reduc- 
tion in  the  diameter  of  the  cells  in  ana3mic  eases. 

Il(rmo(jU)hln(vm\(t  with  reddish  staining  of  tlie  serum  is  often 
noticeabU^  in  the  dried  and  stained  cover-glass  specimen  when  the 
plasma  is  deeply  stained. 

Leucocytes, — Considerable  controversy  has  taken  place  as  to  the 
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changes  in  the  white  cells  in  puerperal  septicEeiuia;  soini!  observers 
finding  leukocytosis,  while  others  fluil  none. 

The  results  of  experiiueatnl  infections  referred  to  above 
(see  page  102)  and  the  parallelism  of  the  leucocyte  chaugea  tn 
pneuiuuiiia,  peritoaitis,  and  diphtheria  fully  explain  these  ap- 
parent divergences,  which  perfectly  exemplify  the  rules  stated  oil 
page  97. 

Leucoeytosis  occurs  only  when  the  struggle  between  the  patient 
and  Ilia  disease  is  intense,  and  whichever  is  victorious.  When 
either  side  wins  without  any  difficnlty,  i.e.,  in  the  mildest  and  in 
the  severest  cases,  leucocytosis  is  nearly  or  entirely  absenti  indeed, 
leucopenia  may  l>e  found  (as  for  instance  in  a  ease  of  septic  endo- 
metritis reported  by  v.  Limbeck — only  3,000  leucocytes).  Vou 
Limbeck  and  Krebs '  found  no  leucocytosis  in  cases  of  puerperal 
septiciemia,  but  these  were  all  fatal  cases  or  very  mild  ones.  Rie- 
der,  ou  the  other  hand,  and  the  great  majority  of  other  obaervere 
(Sadler,'  Roscher,'  Kanthak,'  Grawitz,  etc.)  find  leuoocytosis.  This 
•neans  that  iu  most  cases  observed  by  these  writere  the  iufectiou  was 
of  moderate  severity.  Swing's  exi«rience  leads  him  to  the  concla- 
sion  tliat  while  the  rule  that  auppui-atioii  produces  leucocytosis  is 
almost  invariable,  it  must  be  remembered  that  leucocytosis  may 
promptly  disappear  when  exudation  ceases,  and  that  suppars- 
tiou  iuvolviug  mucous  surfaces  may  induce  very  slight  leuco- 
cytosis. 

Only  14  of  the  56  cases  in.  Tables  XIX.  and  XX.  showed  no 
leucocytosis.  One  was  very  mild,  the  other  proved  fatal  on  the 
day  of  the  count.  The  leucocytosis  is  of  the  ordinary  polyuucleax 
tyi>e  with  disap{)eai'ance  of  eosinopbiles  and  diminution  of  lympho- 
cytes. Myelocytes  and  "stimulation  forms"  are  usually  present  in 
small  uumlier.s.  lodophilia  is  always  marked,  and  may  l>e  of  value 
in  the  diagnosis  of  cases  with  leucopenia.  The  reappearance  of  the 
eosinophiles  seems  to  me  to  have  some  favorable  prognostic  signifi- 
cance. 

'Krebs:  Dissert.,  Berlin.  ]8!13, 
'  Sadler:  Loe.  cil. 

*  Roscher:  Dissert,.  Berlin,  W^A. 

*  Knuthak:  Brit.  Med.  Journiil.  Juue.  1893. 
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1.  Rapid  'levelopment  of  severe  aiiiemia. 

2.  Leucooytosis  markeil,  except  in  very  mild  or  very  severe 
cases. 

3.  Blood  cultuveB  may  coutaiu  pyoget)ic  cocci. 

Diagnottic  Value. 

The  advantage  of  a  piisitive  bacteriological  exaniiiiatioii  is  obvi- 
ous. Of  the  value  of  the  blood  couut  in  distinguishing  septic  from 
non-septic  wounds  and  e^tiniatin)^  the  degree  of  sepsis  and  the  im- 
portance or  needlessuess  of  operative  interference  a  great  deal  has 
been  written  withiii  the  last  three  years.  The  questiou  will  be 
thoroughly  discussed  in  connection  with  appendicitis  (see  page 
249). 

Locol  Supjmrative  Process. 

The  effects  of  abscess  u[ioii  the  blood  are,  I  suppose,  due  to  sep- 
ttcsemia.  Nevertheless  septicteuiia  with  abscess  formation  differs 
enough  from  septicaemia  without  abscess  formation,  both  clinically 
and  hfematologically,  to  make  a  sepuate  description  convenient. 

Tlie  moat  easily  studied  variety  of  abscess  is  that  connected  with 
appendicitis,  inasmuch  as  the  fi-efjucncy  of  oi>erations  in  such  cases 
gives  ua  opportunity  to  varify  what  we  suppose  to  be  indicated  by 
the  blood  count  and  see  how  far  onr  suppositions  are  true. 

At  the  Massachusetts  General  Hospital,  most  patients  with  other 
varieties  of  abscess  go  straight  to  the  surgeon  and  their  blood  is  not 
examined,  but  many  oases  of  appendicitis  come  tlrst  to  the  medical 
wai'ds,  and  hence  we  have  records  of  nearly  one  thousand  cases 
whose  blood  has  been  examined. 

I  shall  therefore  liegin  the  description  of  the  blood  in  abscess  by 
an  account  of  appendicitis,  which  may  probably  be  considered  a 
typical  case  of  abscess  formation. 


APPKNDICITI8- 

In  thn  following  table  I  present  a  smnll  groap  of  the  Massachu- 
setts Hospital  cases,  which  represents  fairly  well  the  conditious 
found  in  average  cases : 
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Table  XXI.^AFPEifi>iciTn. 
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Table  SXl.—JimxoKrna  lOmtimMtdi. 


Moajxxi 


W,  tr.m. 

Jaljr  fTlki  Bloc  dar*  pala  aad  n 

NoTonber  nh.  appcBdicttk  rii  du>. 
C^eruinn;  *bwr«  wltfaooMidcimblepHa;  I 


iRh  attack:  DOcate,  noMDta^ 

SlitbdaT.  r^pcruion;  atiKna,  JL  ^M 
OixTBiKl:  t»|>ub:  cMutIibI. 


CAiarrhal  ■ppcodli ;  Are  dv*  fn  hi 
CMvtIuU  npueniUi. 

irtiroDloi  nvnrlj  well;  vp 


From  the  seventy-two  eases  of  tlie  adjoiuing  table,  together  with 
about  six  hundred  other  counts  not  here  recorded,  ihe  followiag 
connluBioiiB  lire  t*  bo  drawn : 

1,  Ked  cells:  no  changes  except  iii  chronic  cases  with  long- 
standing  absGess. 

2,  Coagulation  oft«n  alow,  but  fibrin  always  increased  in  sup*, 
purating  oaaen. 

3,  As  in  most  infections,  the  mildest  and  the  severest  oasea' 
Bhow  no  leucocytosis.  Six  eases  with  getierul  purulent  peritonUiM 
thawed  no  Uiicoct/tosia,  its  absence  being  confirmed  by  repeated  ex- 
aminattonB.  Tlie  total  absence  of  leucocytosis  in  a  case  not  obvi* 
onsly  mild  is  a  very  bad  prognostic  sign  aa  in  pneumonia  and 
diphtheria. 
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4.  Catarrlial  a|>|>eiidicitis  is  rarely  accompanied  by  leucocytosia 
(only  once  in  this  series— 14,000).  In  Da  Costa's  38  cases  of  "  ca- 
tarrhal ami  interstitial "  appendicitis  tlieie  were  but  four  with 
coiuita  alwve  15,000. 

6.  An  incrtasivg  feueoci/tosii  maana  n  spreading  process  and  may 
h«  the  onlif  evidence  of  the  fart.  In  Case  40  of  this  serieSj  the  pa- 
tient entered  with  vomiting,  localized  puiu  and  tenderness.  The 
leueocytosis  was  15,600.  Three  days  later  he  was  comfortable, 
had  no  vomiting  and  very  little  tenderness,  and  in  all  respects 
seemed  to  be  improving,  yet  the  white  cella  had  risen  to  22,900. 
Operation  was  postponed  owing  to  the  lack  of  all  unfavorable  aymp- 
tonis  excrpt  the  blood  count.  Next  day  the  bowels  were  moving 
well  and  thu  patient  hud  no  fever  ami  no  bud  ai/riiptoma  of  an;/ kind, 
but  his  leucocytes  had  risen  to  35,300.  On  the  following  morning 
the  surgeon  was  finally  persuaded  to  operate  and  found  a  large 
amount  of  pus.  Four  times  this  series  of  events  has  fallen  under 
my  observation. 

A.  steadily  increasing  leiicocytoais  is  always  a  bad  siga  and 
should  ne\'ev  be  disregarded  even  when  (as  in  these  cases)  other 
biid  symptoms  are  absent.  It  is  of  far  more  significance  tlian  a 
larger  count  which  does  not  increase. 

6.  The  size  of  the  leueocytosis  is  of  comparatively  little  signifi- 
cance.    A  low  count  (8,000-11,000)  means  one  of  three  things:' 

(a)  A  mild  case. 

(i)  A  very  severe  case. 

(c)  An  alwcess  thoroughly  walled  off. 

After  the  abscess  has  ceased  to  spread  and  has  become  well 
walled  off,  the  leucocyte  count  reiimins  stationary  or  decreases.  If 
it  bursts  into  the  general  peritoneal  cavity  the  count  may  rise 
sharply  or  it  nmy  full  to  normal  or  subnormal,  its  movement  de- 
pending on  the  degree  of  resistance  which  the  system  offers. 

7.  In  the  majority  of  cases  the  pus  is  neither  completely  walled' 
off  nor  free  in  the  belly,  and  such  cases  are  accompanied  by  a  mod- 
erate and  fluctuating  leueocytosis,  which  rises  and  falls  according 
to  a  variety  of  conditions  which  cannot  be  accurately  interpreted. 

It  usually  increases  in  the  first  three  or  four  days  of  the  illness, 
and  then  becomes  stationary  or  declines  if  t!ie  case  is  taking  a 
favorable  course  (i.e.,  if  the  pus  is  being  absorbed  or  walled  off), 
while  it  continues  to  increase  when  the  case  is  going  on  from  bad  to 
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Case  20  illustrates  the  course  of  the  leucocytes  in  a  favorable  case 
not  operated  ou;  the  leucocytes  fell  gradually  but  steadily  from 
hour  to  hour  so  that  in  two  days  the  count  came  down  from  20,100 
to  8,750,  the  tuiuor  and  teaderness  simultaneously  disappeared,  and 
the  patient  was  well  in  a  few  days  inoi-e.  Case  1^8  dropped  in  eight 
hours  from  16,000  to  8,000  and  quickly  recovered.  In  Case  19, 
the  leucocytosia  fell  in  thi-ee  days  from  33,000  to  9,200,  but  rose 
again  when  the  bowels  were  moved  by  eneuta,  and  took  some  days 
to  reach  normal  again.  Evidently  the  peristalsis  injured  the  abscess 
wall  so  that  the  process  began  to  spread  again  and  had  t(i  be  walled 
off  afresh. 

8.  When  a  leucocytosis  of  18,000-25,000  is  maintained  for  a 
number  of  days  it  usually  means  a  large  abscess  pretty  well  walled 
oft. 

9.  The  majority  of  cases  as  seen  at  the  Mnssaehnsetts  General 
Hospital  on  the  second,  third,  and  fourth  days  of  the  illness  showed 
leucocytosis  of  15,000-24,000,  thirty-three  of  the  present  series 
falling  within  these  hgures.  Counts  larger  than  this  have  always 
been  proved  to  mean  a  large  amount  of  pus,  a  geueiul  peritonitis, 
ot  a  complication  such  as  pylephlebitis  or  hepatic  abscess.  Of  the 
cases  below  15,000  (fifteen  in  all)  twelve  did  not  come  to  operation, 
or  if  operated  showed  no  pus.  This  statement  excludes  the  four 
cases  of  general  pumleut  peritonitis  without  leucocytosis  luentioned 
above, 

10.  Case  18  illustrates  several  points.  After  the  first  operation 
the  leucocyte  count  did  Jiot  fall  so  rapidly  as  usual,  and  the  cause 
of  this  soon  turned  out  to  be  a  pus  pocket,  after  the  evacuation  of 
which  the  count  fell  in  twenty-four  hours  from  47,700  to  16,700, 
only  to  rise  again  for  another  accumulation  of  the  same  kind. 

After  this  last  (third)  operation  the  case  progressed  slowly  but 

favorably,  and  yet  tlie  leucocyte  count  remained  more  or  less  above 

■  normal  for  a  mouth.     The  wound  was  healthy,  freely  discharging, 

and  had  healed  satisfactorily  at  the  time  of  the  last  count  reported. 

Bloorlgood '  has  studied  a  considerable  group  of  eases  with  raucli 
care  and  his  results  deserve  our  attention.  He  properly  lays  great 
stress  upon  the  element  of  time  in  the  interpretation  of  leucocyte 
counts.  He  divides  his  cases  primarily  into  the  acute  and  tlie 
ehroniCf  and  then  makes  a  second  set  of  distinctions  among  the  acute 
cases,  which  will  concern  us  later. 


'  Bloodgood:    Prog,  Medicine,  December.  iOOl. 
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I.  The  29  clironir-  caws  in  his  seriea  (all  operated  upon)  inelude 
those  admitted  at  the  end  of  an  attack,  or  between  attackn,  and 
found  at  operation  to  be  unaasociated  with  pus.  Twenty-fouv  of 
these  had  counts  below  12,000,  while  the  other  five  ranged  between 
12,000  and  15,000.  The  latter  were  in  cases  admitted  at  the  end  of 
an  attack  and  still  piesenting  slight  symptoma, 

II.  («)  Aeiite  Diffuse  Aj^eiidmtis  without  Piis  {" cSitairhBl"), 
lu  22  cases  (all  operated  on)  there  was  (me  count  of  22,000 

(twenty  hours  from  the  iirst  symptom),  rapidly  falling  to  11,000 
within  twenty- four  hours,  and  two  counts  of  17,000,  falling  within 
forty-eiKht  hours  to  normal.     The  other  cases  showed  lower  counts. 

(6)   Gamjrenous  Appendicitis  (10  cases,  no  pus). 

In  cases  seen  early  in  the  attiick  a  rapid  rise  of  the  leucocyte 
connt  can  be  observed  to  20,000  or  more. 

(e)  Aciiie  A/ijiftidieitln  with  Pug  I>iatending  the  Oryan. 

The  counts  in  four  cases  were  practically  like  those  in  gangre- 
nous appendicitis. 

((/)  Append icitis  irith  Ahsrrss. 

In  14  oases  of  Hloodgood's  aeries  (26  per  Rent)  the  leucocyte 
count  was  normal  (0,000-12,000).  In  11  of  the  14,  the  histury  and 
the  other  symptoms  pointed  to  a  chronic,  well -encapsulated  abscess. 
In  3  there  were  acute  local  symptoms,  and  2  of  these  were  extremely 
ill — presumably  unable  to  react. 

In  9  cases— subacute  or  chronic  with  palpable  tumor — the 
counts  ranged  between  12,000  and  15,000. 

Ill  33  cases  ((j.1  per  cent)  the  leucocytes  numbered  15,000  to 
60,000 — the  great  majority  over  18,000.  All  were  above  this  figure 
if  seen  within  the  first  forty-eight  hours. 

(e)  iSp/H-ndieitig  icith  General  Peritoniti-g. 

The  ooiiuts  may  be  high  or  low.  Four  ot  Bloodgood'n  cases 
showed  respectively  11,000,  11,000,  13,000,  and  14,000  (all  fatal). 
Th«se  were  all  cases  of  at  least  three  days'  duration,  and  as  in  cases 
observed  within  tlie  first  forty-eight  hours,  lie  has  often  (as  I  have) 
found  high  coiuits,  he  concludes  that "'  in  the  early  hours  of  peritoni- 
tis tjiere  is  a  vapid  viseiu  tlie  leucocytes,  which,  however,  soon  falls." 

In  view  of  all  these  facts,  Hloodgood  considers  that:  "Withii, 
tha  first  forty-eight  hours  a  leuoocytosis  of  18,000  should  be  eou- 
flidered  an  indication  for  operation,"  especially  if  we  have  recorded 
tt  ritini;  leucocyte  count.  With  a  couut  below  18,000  and  fallinij 
the  patient  is  recovering  from  the  attack. 
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Between  the  thiid  and  seventh  day  a  leucocytosia  of  18,000  or 
more  is  usually  an  indicatidii  for  iuitnediate  operatloii,  hut  iu  some 
cases  the  local  signs  uiay  Incline  us  to  postpone  operation. 

The  above  agrees  essentially  with  the  opinion  of  Lougridge,'  of 
KUhu,'  of  Coat«,'of  Locke,' and  of  Joy  and  \V light  * 

The  latter  observers  lay  especial  emphasis  on  the  good  pro^ottu 
Btgnifieanes  of  a  dfcrmehig  Iciiroci/losU.  In  such  uases,  unless  the 
falling  count  is  acooiupanied  by  unmistakable  signs  of  a  generally 
bad  condition  (which  is  rarely  the  case),  operation  may  be  post- 
poned, while  Si  high  slationari/ or  iiiereasiiiff  euiint  indicate)  a  pro- 
ffresaiveli/  serious  case  which  demands  immediate  intervention.  This 
is  eutirely  iu  agreement  with  my  own  experleuce. 

Cnr8chmann,'Kuttner.'Dtltzmann,*Ttlassberg,"  and  Weiss"  ex- 
press similar  views,  Kuttuer  es^jeeially  insisting  upon  tlie  need  of 
making  at  least  two  counts  a  day  and  controlling  them  with  the  iodine 
reaction  (see  below).  If  carried  out  with  these  precautious  Kuttuer 
considers  tlie  count  of  leucocytes  a  most  valuable  aid  in  ilislinguishiiig 
post -operative  aseptic  fever  from  pus- pocketing.  Curschmaun  Ix- 
lieves  that  a  single  count  of  25,000  or  more  should  make  us  very 
suspicious  of  the  presence  o£  pus,  though,  like  all  other  reoent  ob- 
servers, he  deprecates  reliance  on  single  isolated  eo\ints  and  ui^es 
leucocyte  charts.  Blassberg  believes  that  leucocytosis  is  less  marked 
in  peripheral  than  in  abdominal  suppurations. 

From  these  quotations  it  appears  that  our  German  colleagues  are 
at  last  waking  up  to  tiie  importance  of  blood  counts  in  suspected 
deep  abscess,  and  are  going  through  for  the  first  time  experiences 
familiar  to  American  physicians  since  1893.  Indeed,  there  are 
indications  that  some  German  surgeons  are  falling  into  the  error  so 
common  here  ten  years  ago — the  eirnr  of  supposing  that  leueocytoeis 
always  means  pus.  Against  this  mistake  Grawitz  warns  his  coon- 
trymen  in  the  latest  edition  of  hia  excellent  text-book.  Deaver  "  in 
this  country  has  uttered  similar  and  on  the  whole  very  valuable 

'  Longridge;  Bril.  Med.  Joumal,  November  8th,  1909. 

*  KUhn:  llQnch.  iiW.  Woch.,  December  9lli  and  Ifllli,  1903. 

•  Coste:  Ibidem,  December  8lli.  1902.  '  Lotke  (se«  p.  2B1S\ 
•Joy  and  Wright:  Medical  News,  April  nth,  1902. 
*Curaclmiaiin;  8Ul  Oennan  Surgical  Coogress.  April,  1909. 
^Kuttner:  Ibidem.                                         'DQtztnaoD:  IbiHtm. 
'Blassberg:     Wiuu.  klin.  Wooli,,  November 20th.  1902 

"Weiss:  IMdfm.  January  IStli,  1903. 

'■  Deaver:  Traasactloas  of  Am.  Surg.  Assu.,  1901,  p.  IIG, 
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Iwamiugs  against  the  "tendency  t«  replace  the  I)edside  by  Ihe  lalxi- 

■  ntnry  as  tlie  point  from  whioli  to  make  the  diagnosis."  U'/ien  stic/i 
[.  a  choice  viugt  be  made  sensible  men  will  generally  agree  with  Peaver 
l^at  the  betlaide  is  the  point  of  vantage.     But  as  Da  Costa  and 

a  have  pointed  out,  we  need  rarely  make  this  moat  unfortunate 
on  betwi'en  the  different  methods  of  pliysical  diagnosis.     The 
Finieroscope  should  be  a  "laboratory  "  instniment  no  more  than  the 
thermometer. 

The  matter  eaiiiiot  be  Iwtter  summed  up,  I  think,  than  in  the 
words  of  Da  Costa :  "  The  surgeon  who  attempts  to  use  the  blood 
count  in  apiM?ndicitis  as  a  definite  pathognomonic  sign  will  soon 
run  afoul  of  diagnostie  disasters,  but  he  who  regards  it  only  as  u 
symptom  invariably  to  be  correlated  with  equally,  if  not  more 
important,  clinical  majiifestatioiis,  cannot  fail  to  find  this  method  of 
inquiry  of  signal  value  in  routine  clinical  surgery." 

I  am  likewise  in  hearty  agi'eemeut  witli  another  statement  of  Da 

■  Costa's:  "The  l)eha\-ior  of  the  leucocytes  throws  a  much  clearer 
blight  Qpon  the  pi^ffrraa  of  the  disease,  both  in  operative  and  uon- 
I  operative  cases,  than  it  does  upon  the  initUddiurinogie,  which  should 

e  determined  chiefly  by  other  elinicial  methods."     But  to  inter- 
ret  aright  the  variations  of  the  leucocytes  after  operation,  we  need 
0  Ik  familiar  with  tho.He  changes  in  the  blood  due  to  the  operation 
Kitself,  and  to  the  ansestlietic  which  made  it  possible.     Accordingly, 
a  shatl  next  discuss : 

1.  The  Effects  of  General  Narcosis  on  the  Blood;  and 
IL  Post-Operative  Changes  in  the  Blood, 


I.  The  Blood  Chanokw  Pkouuokd  by  General  Nakcobis. 

The  earlier  literature  is  well  summarized  by  Da  Costa  and 
jtKalt«yer.'  Their  own  studies  ui  fifty  cases  lead  them  to  the  fol- 
r  lowing  conclusions : 

1,  Following  aniBsthesia  there  is  generally  a  polycythEemia,  rarely 

a  oligoeytJiEemia.     The  iiolycythwmia  is  most  marked  immediately 

J ■  after  the  termination  of  the  anaesthetic  stage,  probably  due  to  a  con- 

[  Centratton  of  the  blood  from  previous  purgation  and  recent  vomiting. 

i.  Hsemoglobin  is  invariably  reduced  absolutely,  although  the 
Lamoont  of  ether  used  a»<l  the  duration  of  anffisthesia  probably  inflti- 
■  «lice  the  blood  change  to  a  moderate  extent. 

'  Da  Costa  uid  Kall^yer:  Auoala  ot  Surgery.  September,  lOOt 
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3.  The  amount  of  blood  lost  by  operative  hemorrbage  aeema  to 
have  little  effect  upon  these  changes. 

4.  Owing  to  the  hsmolysis  following  anaBSthesia,  the  writers  be- 
lieve that  no  operation  can  be  safely  done  when  the  hsmoglofain  is 
below  fifty  per  cent. 

Fish '  has  previously  reached  similar  oonclnsionSi  while  Mlknlies 
puts  the  percentage  at  90.  Bloodgood '  details  a  case  in  which  the 
red  cells  fell  from  3,076,000  before  operation  to  2,000,000  twenty- 
four  hours  later,  while  the  hsemoglobin  fell  from  54  per  cent  to  30 
per  cent,  despite  the  fact  that  there  was  practically  no  loss  of  blood 
at  the  operation. 

Despite  all  this  important  evidence,  which  goes  to  show  the  nar- 
cosis may  be  dangerous  in  an»mic  patients,  we  must  not  forget  that 
it  may  be  even  more  dangerous  to  postpone  operation.  Hence  it 
may  be  the  surgeon's  duty  to  operate  under  local  anaesthesia  or  to 
face  the  danger  of  general  narcosis  as  the  lesser  of  two  evils. 

The  Leucocyte  Count  During  and  After  Nareoeis, 

The  studies  of  Da  Costa  and  Kalteyer  (loc.  cit.)  and  of  Cabot, 
Blake,  and  Hubbard '  have  proved  that  the  effect  of  etherization  on 
the  leucocytes  is  pi-actically  nil.  They  were  unable  to  confirm  the 
results  of  Chadbume.* 

II.  Post-Operative  Cuanges  in  the  Blood. 

In  the  studies  of  Calx)t,  Blake,  and  Hubbard  counts  were  made 
after  full  anaesthesia  and  again  at  the  close  of  the  operation  in 
36  cases.  In  11  of  these  (30  per  cent)  there  was  a  distinct  leuco- 
cytosis  varying  from  19,000  to  27,000,  which  appeared  to  be  due 
rather  to  the  nature  and  extent  of  the  operation  than  to  the  anaBS- 
tlietic.  King's  *  studies  indicate  that  an  increase  of  from  5,000  to 
10,000  over  the  count  l)efore  o])erati(m  is  a  very  common  phenome- 
non within  the  first  forty-eight  lionrs  following  operation  and  is  of 
no  significance  provided  it  Is  not  sitstffhied.  The  maximum  is 
reached  within  twelve  lK)urs  after  operation. 

White  •  found  an  average  of  nearly  21,000  per  cubic  millimetre 

«  Fish:  Annuls  of  Surg.,  1899,  vol.  xxx.,  p.  79. 

•Bloodgood:  Prog.  Mod.,  December,  1900. 

»  Cabot,  Blake,  and  Hubbard:  Annals  of  Surg.,  1901,  p.  361. 

*Chadburne:  Phil.  Med.  Jour.,  February  18th.  1899. 

*  King:  American  Jour.  Med.  Sciences,  190"2,  vol.  cxxiv.,  p.  450. 

•White:  Univ.  Med.  Mag.,  May  13th,  1901 
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after  lapai'Otoniy  with  an  abaulute  (aud  usually  relative)  increase  of 
polyuuclear  cells  and  absence  of  eosiouphiles. 

The  degree  of  lencocytosis  seemed  to  depend  upon  the  severity 
of  the  operation.  The  highest  counts  were  found  about  five  houi-s 
after  operation.  From  this  time  the  number  of  leucocytes  gradu- 
ally dimtnished,  reaching  normal,  on  the  average,  in  about  five  days. 

If  complications  occur,  the  leucocyte  count  remains  elevated,  or 
is  slower  in  falling.  Frazier  and  Holloway '  who  studied  forty 
cases  and  did  not  confine  tbemselvcB  to  laparotomies,  found  that 
tliree  and  one-half  days  was  the  average  duration  of  post-operative 
leucooylosis  in  uncomplicated  cases.  White  found  that  in  cases 
sewed  np  tight  the  leucocytes  returned  to  normal  more  rapidly  than 
in  those  drained.  In  the  latter  cases  the  slight  infection  along  the 
drainage  tube  probably  accounted  for  the  fact  that  the  post-oper- 
ative leucocytosis  usually  lasted  more  than  five  days.  My  own 
observations  tally  very  closely  with  the  above  and  I  shall  not  repeat 
them  in  detail. 

Itidophilia. 
The  studies  of  E.  A.  Locke '  in  sixty-one  cases  of  appendicitis  are 
so  interesting  that  1  have  inserted  his  tables  entire.  The  leucocyte 
count  and  the  iodine  reaction  were  taken  immediately  Iwfore  opev- 
ation  and  their  indications  carefully  compared  with  the  pathologi- 
cal conditions  found  at  operation. 

Table  XXII.— Interval  Appesdicitis, 


i 

IntrmR-I- 

E«nM»llulBr. 

WbitM. 

Kenumit. 

Alisent, 

AbKDt. 
AtMCDt. 

Absent. 
Absent. 

AbBcnt. 

AbMnt. 

AbiH-Dt. 

Sliglitly  lacreased. 
Slightly  iDcr^aed. 

8,000 

11,000 

13,000 
7,000 
8,000 

10,  ,^00 

ia,ooo 

12,000 

Numerous  adLeHions.     No  ioflam- 
inalion. 

Temp.  98.8=.     Many  adLeHJons. 
Tem|).  W.     Many  ftdlieslous.     No 
ioHtimmatJoti. 

HammatioD. 

Slightly  inc ceased. 
Slightly  increased. 
Sllgbtly  iDcrensed. 

>  Frezief  and  Holloway:    Univ.  of  Penn.  Med.  Bu]l.,  December  IBOl. 
•  Locke:  Joiimnl  of  Mwllcal  ReBearcli,  Jamiary,  1903  (I'teramri'  liere  ab- 
itmct«d),  and  Boston  Medical  and  SurgicHlJoutnal,  September  llth,  1002. 
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Tadlk  XSin.— Acdte  Appekdicitis  wixhodt  General  Pemtositis  oh      1 
LocAi,  Ajisckss.                                                     fl 

i 

8 

i 

3 

EitnnA- 

W..U,. 

DuraOoD. 

Sennit*. 

tncreased. 

Increttsed 

Normal... 

Normal... 
In  creased 

22,U00 
24,000 

u.noo 

20,000 
13,000 

B  day  a, 
B  Lours. 

Temp.  lOLl", 

Timp.    lO^.O'.     AjiptodU 

much  inllamed. 
Smsll.  red  appendii,  with 

ad  herons. 
Appendix  iiiodcralcly    in- 

Temp.  100'.     Appendix 
cotiHidcralily  in  Sained. 

Faint 

Slight  coloration 

T 

IH-E   XXIV.— APPENDiriTIS    WITH     LoCAI.     AbW7B88.    SITT    WITHOVT    OkH-        1 
KUAL    PEniTONtTlB.                                                                              1 

i 

IiitrawlluHr. 

'■='■ 

VThltM. 

immiion. 

Bemarta. 

Fainl 

Increased. 

Normal  . . 

Increoaed 
Normal . . 

Increased. 

Normal . , 
iQcrBBsetl. 

Increased. 

Increawd. 

Increased, 

Increased. 
Normal . . 

Increased. 

Normal . . 

Normal  . . 
Increased, 

Increased, 

14,000 
IT.OOO 

l.-i.OOO 
21,000 

4  da;s. 

Few  drops  pus  wnlled  off. 
UangrenouB    appendix. 

Small  absci'ss. 
Temp.  lOr.     Big  abscess. 
Temp,  101-6",     Pew  drops 

pas. 
Perforated     appendix. 

Small  amount  of  pus. 
Temp.     104  \      Appendix 

gangrenous.     Soull   ab- 
scess. 
About  one  ounce  pua. 
Small  abscesB  well  walled 

off. 
Oangrcnous   appendix. 

Small  aliscess. 
Temp.  103°.     Pusburrow- 

Euurmous  abscess.     De«tli 

iu  few  liourB. 
Perforated,  local  periLonit^ 
Small     pockel     of     piu. 

Temp.  102.9'. 

Terap,  101'.  Largeabocegi. 
Small  amount  of   pus  not 

walled  off. 
Gangrenous    appendix, 

Lltlle  free  pus. 
Small  abscess  walled  off. 
Temp.     102-5-.     Put    not 

walled  off. 
Temp.  M°.     Pus  putlaUf 

walled  off. 

Fhir 

Pair 

Pair 

FWr 

Good 

20,000 

14,000 

18,000 

4  days. 

Good 

.Marked 

Marked 

Marked    

Marked    

Marked 

Marked 

Marked 

Marked 

Marked 

JIarked  

24,000 

7.400 

20,000 
10,000 

10,000 
2I,00<I 

88.000 

80.000 

25,000 
8,000 

20,000 

4  days, 

6  days,* 

24  hours 
8  weeks 

8  weeks 
8  days. 

8  days. 

•        i 
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T.iBi.E  XXV.— Append 

cms  WIT 

GENEnAI.   Peritonitib. 

^ 

WWUa. 

,™^ 

1 

8 

4 

0 

Very  marked. 

Very  marked. 

Marked 

S[arked 

JUrke<l 

Much  in. 
creased. 

40,000 
24.000 

30.000 

28.000 
27.000 

Much  free  pus. 

Pcrfomlcd    appendix   and  mild 

Temp.    101".     8rreptocoecu8   in- 
fection. 
Considerable  free  pua. 
PerfoT-Bted  appendix.    Much  free 

Much   In- 
creased. 
Normal . . . 
Increased  .. 

6 

JUarked 

Increased  . . 

18.400 

Perforalud  appendix.    Liitle  tree 

7 
8 

Msrked 

Marked 

Marked 

Marked 

Increased  . . 
Normal  . . . 

Increased  .. 

Greatly     In- 
creased. 

Greatly    In- 
creased. 

Nonnal.... 

14,000 
16,000 

4,800 
8,000 

Tump.  105.5\    Traumatic  origin. 
General  infection  of  peritoneum. 

No  pus. 
ANlonien  full  of  pus. 
Abdomen  full  of  puB, 

Jl 

Marked 

18,000 

Abdomen  full  of  pus. 

12 

Moderale  .... 

Appendix  abscess.    Not  walled 

peritonitis. 
No  free  pus. 
Temp.  103.6°.    Extensive  inflam- 

18 
14 

Good 

Normal.... 
Increased  . . 
Increased  . . 

(  19,000 
}  15,000 
52,000 
88,000 

Good. 

1« 

:£ 

» 

n 

Oond 

Increased  . . 
Normal . . . . 

25,000 
18,000 
12,000 

17,000 

80.000 

13,000 

Temp.  »B.T'    No  pus. 

Temp.  108." 

Typhoid  perTomtion.  No  pus. 
bix   hours'  duration. 

Temp.  103.8".  Preeflidd.  Cul- 
ture  flierile. 

Bullet  wound  of  abdomen.  At 
autopHy  some  general  inflam- 
mation, but  no  pus. 

Temp.  08°.  nine  hours  afl*r  per- 
foration of  gaslric  ulcer.    Mild 

Increased  .. 

III  general  the  intensity 

of  the  int 

racellular  reactiou  appears  to 

uulicate  tlie  seventy  aud  du 

ration  of 

the  process  on  the  appendix 

and  the  amount  of  septic  a 

bsorption 

from  the  focus.     When  tlie 

auoont  of  pus  is  small  aut 

thovoug 

ily  encapsuled  (as  in  Table 

^rXXIY..  Case  1.1  the  reaction 

may  be  f 

■lint.     But  the  point  of  great- 

^■vt  iiiti-retit  in  the  oeciirivnc 

,,/.„, 

arked  iotiine  reaction  without 

st  t'irulen 

««MM.     (See  Table  XXIV., 

■Uses  11,  14,  and  19,  and  Ta 

ble  XXV 

,  cases  9  and  10.)     Here  the 

^fttiai(<Htnnn<!  nf  Hip  io.UnB  ten 

tioii  act  a 

s  a  most  valuable  control  and 

^norrection  upon  those  ol  the 

leucocyte 

count. 
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With  the  free  drainage  of  pus,  the  brown  granulation  in  tlia 
leucocytes  rapidly  diminishes,  and  is  usually  gone  within  forty- 
eight  hours.  •  Persistence  of  the  reaction  indicates  incomplete  drain- 
age. The  iodine  reaction^  like  the  leucocyte  reaction^  means  osa- 
ally  septicaemiai  but  not  always  pus.  It  is  present  in  oases  of 
grave  ansmia,  and  in  a  variety  of  toxic  and  infectious  conditions 
(malaria,  uraemia,  grave  au»mia,  carbon  monoxide  poisoning,  etc.), 
some  of  which  produce  leucocytosis,  while  others  do  not.  Its 
value  consists  in  the  fact  that  it  adds  another  to  our  list  of  clinical 
indications  of  the  presence  of  toxsemia — such  indications  as  pyrexia, 
tachycardia,  albumosuria,  and  leucocytosis.  None  of  these  is  pres- 
ent in  every  case  and  any  of  them  may  be  present  when  toxsemia  is 
absent.  Hence  the  addition  of  an  independent  indicator  like  iodo- 
philia  to  our  list  strengthens  our  diagnostic  resources  considerably. 

Occasionally  we  have  infectious  or  suppurative  processes  with- 
out pyrexia  or  tachycardia.  Barely  we  have  infectious  or  suppu- 
rative processes  without  pyrexia,  tachycardia,  or  leucocytosis. 
Never  (so  far)  have  infectious  or  suppurative  processes  occurred 
without  pyrexia,  tachycardia,  leucocytosis,  or  iodophUia. 

The  diagnostic  value  of  a  negative  reaction  is  therefore  great, 
for  as  Locke  says : 

'^  Septic  conditions  of  all  kinds,  including  septicaemia,  sibscesses 
and  local  sepsis,  except  in  the  earliest  stages,  appendicitis  accom- 
panied by  abscess  formation  or  peritonitis,  general  peritonitis,  em- 
pyema, pneumonia,  pyonephrosis,  salpingitis  with  severe  inflannna- 
tion  or  abscess  formation,  tonsillitis,  gonorrheal  arthritis  and  hernia, 
or  acute  intestinal  obstruction  where  the  bowel  has  Ixjcome  gangre- 
nous, have  invariably  given  a  positive  iodophilia,  and  by  its  absence 
all  these  cases  can  be  ruled  out  in  diagnosis.  In  other  words,  no 
septic  condition  of  any  severity  can  be  i>resent  without  a  positive 
reaction." 

On  the  other  hand,  he  has  failed  to  get  a  i)ositive  reaction  in 
extra-uterine  pregnancy,  in  dry  and  serous  pleurisy  (sixteen  cases), 
in  uncomplicated  tuberculosis,  in  bronchitis,  and  in  articular  rheu- 
matism (twelve  cases). 

The  further  indications  of  the  iodine  reaction  will  be  considered 
in  the  sections  on  the  diifeieiit  diseases  investigated. 


Differenlitif  Diagnosis. 

1.  The  presence  of  a  marked  leucocytosis  escludea  fliniple  colie 
with  or  ivitJiout  C'JHatijMitiuit. 

2.  Post- operative  malaria,  which  may  break  out  in  patients  who 
are  awaie  of  no  previous  attacks  or  who  have  had  none  for  mouths, 
produeea  fever  and  chill  tike  those  due  to  pus-pocketing  perito- 
nitis, pylephlebitis,  or  other  post-ope lative  complications.  The 
discovery  of  the  malarial  pai-asito  and  the  absence  of  any  marked 
leucocytosis  serve  to  identify  malaria,  while  in  the  other  aftectiona 
leucocytosis  is  high  and  persistent. 

3.  Treves '  has  rejjorted  several  cases  in  which  it  was  hard  to 
deoide  whether  tlie  diagnosis  "was  typhoid  or  appendicitis.  A  blood 
examination  would  probably  have  de<::ided  tlie  matter,  as  it  has  in 
three  cases  in  the  writer's  experience.  Most  cases  of  appendicitis 
of  any  severity  show  leucocytosis;  typhoid  almost  never  does  if  un- 
complicated. Curtis'  reports  a  case  of  typhoid  with  a  tumor  and 
tenderDCBB  in  the  right  iliac  region  which  closely  simulated  appen- 
dicitis, but  turned  out  to  be  a  floating  kidney.  The  blood  count 
would  have  decided  the  matter. 

4.  Between  apperuiieitia  and piui  iiihe  the  bUxxl  gives  no  help,  as 
both  affect  it  alike. 

5.  Otarian  or  pelvie  neuraljjta  (ul' com  plicated)  never  causes 
leucocytosis  and  may  t>e  excluded  ^y  its  presence.  The  same  is 
true  of  Boating  kiduey,  which  has  been  sometimes  confounded  with 
Appendicitis. 

6.  Gall-Hone  colir,  and  renal  colic  if  uncomplicated  by  inflam- 
matory disturbance,  cause  no  leucocytosis,  and  can  thei-efore  be 
diatin^slied  from  appendicitis  in  most  cases.  If  cholangitis, 
oholecystitis,  pyelitis,  or  severe  cystitis  complicate  the  colic,  the 
examination  of  the  blood  will  be  no  help  to  us. 

7.  Impaction  of  fovea  in  the  cGBOum  will  not  cause  any  leucocy- 
tosis and  may  tie  excluded  when  such  is  present.  The  count  may 
be  of  use,  it  seems  to  me,  in  deciding  us  whether  an  enema  ought 
to  be  given.  It  is  sometimes  desirable  to  give  an  enema  in  cases 
simulating  appendicitis,  to  help  clear  up  the  diagnosis;  but  some 
physicians  are  afraid  to  do  so  for  fear  of  causing  a  walled-off  abscess 

Cbirurgiral  Transactions,  1888,  Isll..  p.  185. 
Twentietii  Century  Pmctice  of  Medicine,  vol.  vili.,  p,  ML 
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to  break  into  the  general  peritoneal  cavity.  In  Bach  caaeB,  if  no 
lencocytoeia  were  present,  we  might  go  ahead  with  a  clearer  con- 
science. 

Mr.  B entered  the  Massachusetts  General  Hospital,  Septem- 
ber 20th,  1893,  with  a  diagnosis  of  appendicitis.  For  twenty  days 
he  had  been  having  pain  and  tenderness  in  the  region  of  the  appen- 
dix, pain  being  controlled  by  morphine.  The  bowels  had  been 
loose,  lie  said.  There  were  dulness,  tenderness,  and  a  distinct 
tumor  in  the  region  of  the  appendix,  with  slight  pyrexia.  The 
blood  count  showed  only  8,000  leucocytes.  He  was  given  a  com- 
pound cathartic  pill,  had  a  large  movement  of  the  bowels,  and  all 
symptoms  and  signs  disappeared. 

8.  Extra-uterine  pregnane^/  and  pelvic  hematocele  may  cause 
leucocytosis  like  appendicitis,  but  do  not  increase  fibrin  unless  peri- 
tonitis is  present,  and  are  likely  to  show  a  marked  diminution  in  red 
corpuscles  if  the  hemorrhage  is  severe.  The  red  cells  are  normal  in 
appendicitis  except  in  chronic  cases  with  abscess. 

9.  Floating  kidney  has  been  already  mentioned  in  Curtis'  case, 
in  which  in  combination  with  typhoid  it  closely  resembled  appendi- 
citis. Even  without  the  presence  of  typhoid,  the  same  difficulty  of 
diagnosis  may  arise  Ix^tween  appendix  and  floating  kidney.  The 
presence  of  leucocytosis  could  not  l)e  accounted  for  by  the  latter. 

One  of  the  next  most  common  forms  of  abscess  seen  in  medical 
wards  is  pyosalpinx,  which  I  shall  call  by  the  English  name  of 
"pus  tube."  As  this  produces  the  same  effect  on  the  blood  as  ap- 
pendicitis or  any  other  abscess  I  shall  not  repeat  the  general  con- 
siderations just  discussed. 

PUS  TUBE,  PELVIC  ABSCESS,   AND  PELVIC  PERITONITIS. 

Almost  all  that  has  been  said  of  appendicitis  applies  equally 
well  to  these  conditions. 


Table  XXVI..  A.— Pus  Tube  and  Pelvic  Abscess. 
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Pus  Tube,  Pelvic  Abscess,  and  Pelvic  T^eritonitis. 

White  Cells.  Cases. 

Between    7,000  and  10,000 11 

10.000    "     12,000 9 

12,000    "     14.000 8 

14,000    "     16,000 9 

16.000    "     18,000 8 

18.000    "     20.000  10 

20.000    "     22,000 8 

22.000    "     24,000 6 

24.000    "     26.000 4 

26.000    "     28.000 4 

28.000    "     34.000 5 

34,000  or  more 4 

76 
From  these  data,  together  with  two  hundred  and  nineteen  othei 
counts  not  here  recorded,  I  conclude  that  increasing  counts  of  leu- 
pocytes  usually  point  to  the  need  of  an  operation;  stationary  leuco- 
cytosis  to  a  well  walJed-off  abscess.  The  size  of  the  count  is  a 
rough  measure  of  the  size  of  the  abscess,  and  patients  without  leuco- 
cytosis  rarely  need  operation  and  usually  recover  under  palliative 
treatment,  as  also  do  many  with  leueocytosis. 

I}ifferential  Diaf/nosis. 

Pelvic  pain  and  soreness  may  be  as  great  in  various  non-suppura- 
tive  conditions  (ovarian  neuralgia,  etc.)  as  when  abscess  is  present; 
but  the  leucocyte  count  is  raised  in  none  of  the  pelvic  disorders  of 
women  except  in  abscess,  septicsemia  (puerperal,  after  abortion,  etc.), 
and  hemorrhage  (menorrhagia,  metrorrhagia,  ruptured  tubal  preg- 
nancy). Endometritis  and  cystitis  usually  cause  no  leueocytosis. 
The  application  of  these  rules  will  not  infrequently  help  in  the 
diagnosis  of  pelvic  disease  and  in  deciding  how  much  importance 
to  attach  to  the  complaints  of  pain,  tenderness,  etc.,  in  a  doubtful 
case.  The  absence  of  leueocytosis  makes  us  rightly  confident  that 
no  abscess  of  any  considerable  size  exists. 

OTITIS  MEDIA. 

Most  cases,  if  purulent,  show  leueocytosis  both  before  and  after 
paracentesis.  If  serous  (see  Table  XXVIII.,  cases  9,  17,  18,  21, 
23)  the  count  is  usually  lower,  and  we  can  predict  with  moderate 
certainty  whether  serum  or  pus  will  be  found  on  puncturing  the 
drum.     When  the  mastoid  is  involved  the  count  runs  higher.     If 
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In  some  cases  the  blood  alone  enables  us  to  distinguish  otitis    1 

^P                and  its  effects  fioui  typhoid.     In  a  case  recently  examined   which    1 
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OSTEOMYELITIS. 

In  five  cases  in  which  iio  external  opening  was  present,  tlie  pa- 
tient complaining  only  of  pain  in  the  bone,  the  counts  of  lencocytes 
were  29,600,  25,600,  24,310,  23,400  and  18,000  ;  in  each  the  pre- 
diction that  pus  would  be  found  was  verified  at  operation.  Three 
differential  counts  in  chronic  eases  with  sinuses  showed  nothing  re- 
markable, no  increase  of  eoslnophiles  and  no  myelocytes. 

The  dia^natic  value  of  tlie  blood  in  osteomyelitis  seems  t«  me 
eoosidemble,  inasmuch  as  it  is  difficult  by  the  symptoms  alone  to 
feel  sure  enough  of  the  existence  of  pus  to  be  willing  to  operate. 
"Rheumatic  pains,"  "growing  pains,"  and  neuralgia  can  be  ex- 
cluded by  the  presence  of  leueocytosia. 

Othek  Abscesses. 

(1)  J'elon.^-lt  is  striking  to  see  how  small  a  collection  of  pas 
can  raise  the  leucocyte  count.  Patients  with  felons  containing  less 
than  one-half  drachm  of  pus  may  have  a  leucocytnsis  of  15,000  to 
22,000.  1  have  counted  the  blood  in  three  such  cases.  The  cle- 
ment of  septicBemia  mu.st  be  considerable.  It  seems  to  make  no 
ditference  whether  or  not  the  pus  is  under  gieat  tttisiou.  The  leu- 
cocyte count  does  not  fall  sharjtly  after  the  felon  is  opened,  but 
gradually  diminishes  during  the  next  seven  to  ten  days.     Even  a 

(2)  Gvm  boil  raised  the  white  cells  to  27,000  in  one  case.     An 

(3)  Alueeaa  of  the  imlva  showed  23,500  leucocytes  per  cubic  mil- 
limetre, and  an 

(4)  Ahseegs  of  the  va'jirui  12,800.     Other  varieties  are : 

(5)  Parotid  absrcss,  45,500  leucocytes  per  euhic  millimetre. 

(6)  Subpettoral  abacea»,  16,000  leucocytes  per  cubic  millimetre. 

(7)  Abseess  nf/he  nefk,  22,200  leucocytes  per  cubic  niiUimetre 
Carbuncle,  41,000  leucocytes  per  cubic  millimetre. 

(8)  pEBTToNsit.LAH  Abscess — ^i\  Casks, 
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(9)  Psoas  abscess  (infected),  60,000  leooocytes  per  cabic  milli* 
metre. 

(10)  Abscess  of  ovary ^  26,000  leaoocytes  per  cubic  millimetre. 

(11)  Suppurating  Cyst  of  Ovary  —  MuUUocular  (OangreM). 
Age,  52;  white  cells,  62,400;  per  cent,  bseraoglobin,  70,  December 
22d;  white  cells,  89,500,  December  24th.  Differential  eoont:  poly- 
naclear,  94  per  cent. ;  lymphocytes,  6  per  cent. ;  eosiuophiles,  none. 

Autopsy. 

(12)  One  case  of  perinephritie  abscess  was  watched  for-  some 

days  while  the  patient  was  getting  up  strength  for  an  operation. 

It  was  an  abscess  of  several  months'  standing,  not  increasing  in  size 

during  the  last  month,  and  the  counts,  as  we  should  expect,  did  not 

rise  or  fall  considei'ably,  but  showed  a  steady,  well-marked  lenoocy- 

tosis. 

July  29th,  white  cells,  21,400 

"     30th,      "       "       21,200 

August    8th,      "       "       22,400 

11th,      "       "       23,000 

24th,      «       "       22,200.  (Operation.) 

A  second  case  counted  showed  only  16,000.  Hoth  abscesses 
contained  over  a  quart  of  pus. 

A  third  case,  evidently  tuberculous  in  origin  and  probably  not 
much  infected  with  pyogenic  cocci,  showed  only  10,000  white  cells 
per  cubi(i  millimetre. 

(l.S)  Two  cases  retropharyngeal  abscess.  Counts:  Case  I.,  40,- 
000;  case  II.,  30,000. 

(14)  Alveolar  ahsrt'ss:  Case  I.,  19,.'^U;  case  II.,  7,500. 

(15)  Abscess  of  the  Lino — Nixe  Cases. 


Caw. 

Affe. 

White  <'ell8. 

Per  rent. 
Ha;iiiuKlol)in. 

1 

2 

•   ■ 

14 

48 

■   • 

0 

6«,H00 

30,(MK> 

17,(XH) 

14.(MH) 

10.«00 

7,400 

20.000 

ll.lMK) 

16.H00 

1«,400 

10.000 

8,400 

5,100 

80 
85 
65 

•  • 

■  • 

80 

Death. 

8 

Jan  liar}'    9th. 

14th. 

November    7th. 

9th. 

14th. 

16th. 

4 

5 

6 

i 

8 

9 

aOVORRH<EA. 
(16)  8cBPHBB^^o  Absckm— Focu  Cabes. 


Cho. 

Bed  Mill. 

www.  cell.. 

PMoent 

B«»r^ 

1 

4,450.000 
3.200.000 

53,207 

25,600 
15.500 
17.000 
83.000 
19.300 

18,800 
18,000 
19,000 
23,500 

S 

4 

38 

May  nth. 
May  20th. 

October  30th.    Buppoeed  tjpboid 

for  first  week. 
October  asd. 

November  5th. 

November  10th.     Operation;  a 
quart  of  puB ;  recovery. 

Diagnostic    Vu/iie. 

1.  The  patient  with  vulvar  abscess  was  ao  morbidly  modest  that 
she  complained  of  all  parts  of  her  body  except  the  one  diseased, 
aiid  gave  a  train  of  symptoms  which  failed  to  account  for  the  leitco- 
cytosis.  The  presence  of  this  leucocytosis  called  for  a  iniich  more 
searching  physical  examination  than  would  have  otherwise  been 
made,  and  tlie  seat  of  real  trouble  was  discovered. 

2.  («)  The  diagnosis  between  perinephritic  aliscess  and  cyst  of 
the  kidney  is  materially  assisted  by  the  fact  that  the  former  causes 
leuooeytosis,  while  the  latter  (see  page  371)  does  not. 

(6)  Both  cancer  of  the  kidney  and  perinephritic  abscess  cause  ■ 
leucocytosis,  but  if  iibrin  is  not  increased  cancer  is  the  more  likely 
of  the  two.     This  differential  mark  has  served  mc  well  in  two  cases. 

(c)  Hydatid  of  the  kidney  and  pyonephrosis  are  not  to  be  dis- 
tinguished from  perinephritic  abscess  by  the  blood  examiuation.  lu 
abscess  of  the  lung  the  blood  gives  no  information  that  cannot  be 
more  easily  gained  in  other  ways, 

3.  Subphrenic  abscess  may  be  confonnded  with  mali^ant  dis- 
ease, both  of  which  may  cause  leucocytosis;  but  the  absence  of  any 
increase  of  fibiiu  speaks  against  the  existence  of  an  abscess. 


GONORRHffiA, 

The  red  cells  are  not  affected,  but  in  acute  eases  a  moderate 
leucocytosis  is  present  and  fibrin  is  increased.  Qualitatively,  the 
white  cells  have  been  said  by  Neusser  and  others  to  show  an  in- 
oreaaed  percentage  of  eosinophiles  corresponding  to  the  large  propor- 
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tion  of  Qteae  oella  in  the  arethral  discharge.  Vorfaoch  '  h«a  e 
fully  atudied  tweo^  coses  with  reference  to  this  point  and  £ 
the  eosinophiles  in  the  blood  to  vary  from  0.6  to  11.6  per  i 
averaging  4.2  per  cent — within  normal  limits  Bettman*  and  Poa- 
coli '  found  the  eoBinophiles  usually  increased,  especially  when  the 
posterior  urethra  was  involved.  In  one  case  with  epididymitia  the 
eoainophiles  numbered  26  per  cent.' 


YELLOW  FEVER. 

Jones  *  found  coa^lation  slow,  the  red  cells  not  mooh  diminiahed, 
bat  showing  decided  degenerative  changes;  luemoglobinsemia  is 
common.  He  makes  no  observations  as  to  the  white  oorposcle*. 
Pothier  *  of  New  Orleans,  studying  the  epidemic  of  1897,  found  the 
following  results  in  154  cases:  The  red  cells  were  never  considera- 
bly diminished;  the  leucocytes  varied  from  4,600  to  20,000 — 
averaging  about  9,000;  hsemoglobin  usually  diminished  at  the 
height  of  the  disease  60  to  76  per  cent;  normoblasts  were  noted 
in  a  few  specimens. 

A  case  recently  oI»erved  at  the  Massachusetts  General  Hospital 
showed  two  days  liefore  death  7,800  leucocytes,  92  per  cent  of  hnmo- 
globin,  with  an  absciine  of  the  typhoid  semm  reaction.  Through 
the  kindness  of  Dr.  Potliiei'  I  havu  licoii  iilile  to  study  cover-slips 
from  twelve  cases  of  yellow  fever  from  tlie  Charity  Hospital  of 
New  Orleans.     The  differential  counts  of  leucocytes  are  as  follows: 


I. 

II. 

UI 

IV, 

^. 

VI. 

VII. 

Tin. 

a. 

X 

XI. 

m. 

'?j,z.r.°-*r:..."."."°: 

1' 

IS 

?? 

t 

a 

1 

" 

a 

1 

it 

^teB'S:.:;:...;;^ , 

■a 
a 

. 

Red  cells  ahoweil  iiotliiiiR  except  in  Case  VIIT.,  in  which  there 
were  mucked  defoi'iuitics  and  a  few  noriuolilasts.  In  some  cases 
therit  was  a  marked  leucocyt^sis,  in  others  none. 


'  Vorliach:     luaug.  Diswrt..  Wur/.biirjr,  It'O.'i, 

'  Ikttmun :  Volkiiiuuirs  SHiiiml.  klin.  Vorlr,,  No.  266.  1900. 

T«£/..<\\:  Arch.  ftlrlHTiu.  it.  Sypli..  vol.  \\iv. 

* -Vrcliives  for  Thrni.  anil  Sypliil,.  vol.  41). 

'.Iimrniil  of  tliy  Aintrican  Sredictil  Associaiioii.  Miircli  16tli.  1895. 

'Pothier:  J.  Am.  Mwl.  Assn.,  1888.  |i.  «H5. 


^^^^^^^^^^V                   MALTA                                                                969                  ^M 

^^^^^^^^                      TYPHUS  FEVER.                                                                ■ 

Ewiug  '  ill  four  cases  found  no  leucocytosis.     Tumas  *  foimd  no                  H 

leueocylosia,  aa  the  following  case  shows :                                                           H 

Date. 

-Dmrol 

Bed  cells. 

Per  cent 

hnmoKLobin. 

White  celU 

*.«- 

r.ii. 

Juinftrr    4th 

4th. 

, 

40.0 

ath 

6th. 

39  3 

39  6 

4,440,000 

80 

9.600 

6th 

flth. 

89.0 

SB.  5 

4,320,000 

77 

4:800 

7th 

7th, 

39.0 

40  0 

"         8th 

8tli. 

1)9,3 

39,3  14,380,000 

77 

8,800 

Bth.... 

Dth. 

39,0 

89.5  ' 

*'■      10th 

lOtli. 

38.8 

39.2  :  4,440,000 

n 

8,300 

"        llth 

llth. 

88  8 

89,8 

"      lath 

13th, 

89.0 

39.2 

4,380,000 

so 

1.600 

•        18th 

18lh, 

38,8 

89,5 

4,780,000 

80 

8,200 

"         Uth 

Ulh. 

38.7 

890 

"        16th 

15th. 

88.0 

88.7 

4,960.000 

80 

1,600 

"        16th 

16th. 

88.1 

38,8 

"     mh 

17th. 

88.7 

88.8 

4,160,000 

70 

4,800 

18th 

13th. 

37.7 

88,3 

19th 

19tb, 

36.6 

88  5 

8,820,000 

67 

1.600 

"        SOth 

20th, 

8S.I 

88.3 

"       2IBC 

3Ut- 

37.5 

38  1 

8,450.000 

63 

8.380 

"        22d 

23d. 

88.1 

87. 8 

3.450,000 

60 

8,300 

"        83d 

sad. 

87.5 

88.0 

"         24th 

a4th. 

87,4 

38.0 

8,130,000 

SO 

8.300 

asth 

25th. 

87  4 

89.8 

"         2flth 

26th. 

89  3 

Died  on  the  26th. 

1 

■ 

On  the  other  hand,  Everard  and  De moor,"  and   \\ilks'  fonud                  H 

leueouytosis.                                                                                                                       H 

MALTA  FEVER.                                                                1 

According  to  the  article  in  Allbutt's  recent  "Text-book  of  Med-                  1 

joine"  the  red  cells  fall  gradnally  in  the  courae  of  the  fever  fi-om                  1 

5,000,000  to  about  .1,500,000.     Bnice  liods  the  leucocytes  normal                   ■ 

in  m<fflt  eases.     (See  also  page  538.)    Bassett  Smith '  found  a  normal                 1 

lenencyte  couut  with    relative  increase  of  lymphocytes.     Charles'                  1 

makea  the  amazing  assertion  that  at  the  height  of  the  fever  poly-      ^^^B 

>  EwlDg :  New  York  Mi-dicHl  Joum.il.  IX'eeniber  16tli,  18S8.                       ^^^| 

■Arch.  f.  klin.  Med  .  vol.  xli.,  p.  369.                                                      ^^^^| 

'Annates  de  I'lDsKtuI  Pasteur,  February,  H^OS.                                           ^^^^| 

*Itef.  in  Sajuus'  AmduuI.  I89n.                                                                ^^^^H 

*Busett  Smith:  Brit.  Ml-<1.  Jour..  September  30th,  100£                           ^^^^| 

•Lancet.  July  80th,  18&8.                                                                  ^^^H 
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morphonoolear  neutrophiles  are  entirely  absent  from  the  blood 
and  only  lymphocytes  to  be  foand.  Hosser  and  Sailer  xeport  a 
prolonged  case  with  no  important  changes  in  the  blood. 

The  serum  reaction  with  the  BaeiUu$  mditmuU  was  firat  ob- 
served by  Wright  of  Netley  and  has  been  uniformly  confirmed  by  all 
subsequent  observers  (0.^.,  Musser,'  Gurry*  in  twenty-six  caoes, 
Kretz/  Aldridge/  Pascual/  and  Bassett  Smith*).  ThA  technique 
is  described  on  page  538. 

Bassett  Smith  considers  the  serum  reaction  valuable  inprogfumM 
as  well  as  in  diagnosis.     His  studies  indicate : 

(a)  If  the  clumping  power  is  low,  and  the  symptom  severoi  the 
outlook  is  bad. 

(b)  If  the  clumping  power  is  high  and  sustained  the  oatMbk  is 
good. 

(c)  Cases  with  moderate  symptoms  and  low  clumping  power  are 
subject  to  repeated  relapsee,  grave  anaemia  and  chronic  invalidism. 

{d)  Chronic  relapsing  cases  with  low  btU  gradually  riting  clump- 
ing power  ultimately  regain  full  health. 

GLANDERS. 

Christol  and  Kiener^  reported  leucocytosis  in  glanders.  In  a 
fatal  case  of  acute  glauders  with  autopsy  which  was  recently  studied 
at  the  Massachusetts  General  Hospital  the  following  counts  were 
recorded : 

October  24th,  1897.     Ijcucocytes,  13,600;  haemoglobin,  100  per  cent. 

October  3l8t,  1897.     Leucocytes,  11,600. 

November  4th,  1897.     Leucocytes,  13,000. 

November  9th,  1897.     Leucocyt^^s,  12,000 

November  12th,  1897.     Leucocytes.  12.400. 

Serum  reaction  absent;  fibrin  increased;  pure  culture  of  glanders  'bacilli 
from  abscesses ;  86  per  cent  of  the  leucocytes  were  polymorphonuclear ;  cosino- 
philes  absent. 

The  bacilli  of  glandtM-s  can  occasionally  l)o  cultivated  from  the 
blood. 

»  Musser  and  Sailer:  Phil.  Med.  Jour.,  1898,  p.  1408. 

*  Curry:  Jour.  Med.  Hesearch,  July,  1901. 

Mvretz:  Lancet,  1H98.  vol.  i..  p.  221. 

<Aldridge:  Uncet,  1898,  vol.  i.,  p.  1894. 

*Pascual:  Rev.  d.  Cien.  Med.  d.  Barcelona,  1903,  No.  11. 

•Bassett  Smith:  Ijoc.  cit. 

'  Comptes  Kendus  de  TAcad.  des  Sciences,  November  23d,  1868. 
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THE  BCDOSIC  PLAOCE. 


In  1895  Aoyouia,  a  Japanese  observer,  studied  the  blood  of  this 
He  foiiod  the  bacilli  peculiar  to  the  disease  by  cover-slip 
preparations  from  the  blood.  Ewing '  found  them  by  the  culture  in 
90  per  cent  of  oases  near  death,  and  in  60  per  cent  eai-Iter  in  the 
disease  (fifty  cases).  Aoyoma  found  the  red  eorpuaclea  not  altered 
except  that  their  number  per  cubic  millimetre  was  at  times  increased 
(«.y.,  7,600,000,  8,100,000).  The  cause  of  this  I  do  not  know,  but  it 
accounts  for  part  of  the  luueoejtosis.  The  viUite  corpiiscles  showed 
a  marked  increase— 20,000  to  200,000  (!)  per  culiio  millimetre. 
Four  cases  showed  counts  over  100,000  and  the  average  of  six  ex- 
amined was  96,600.  This  leucocytnsis  was  made  up  almost  wholly 
of  polymorphonuclear  leucocytes;  the  eosinopbiles  were  markedly 
diminished,  and  the  blocul  plates  were  increased.  The  Austrian 
Plague  Commission  found  only  a  moderate  leucocytosis  in  most 
cases,  Ewing  {loc.  cit.)  found  polynuclear  leucocytosis  in  each  of 
fifty  cases,  but  no  figures  like  those  of  Aoyoma.  Coagulation  is 
very  slow  (Alice  Corthoi-n  '). 

Cun-y '  found  the  presence  of  a  leucocytosis  of  practical  value 
in  ruling  out  malaria,  since  the  plague  often  begins  with  chills  aud 
other  symptoms  suggestive  of  malaria. 

ACTJNOHYCOSIS. 

Ewing  (loe.  eit.)  reports  leucocytosis  (21,500  in  a  single  case 
alteoting  the  lungs,  and  Schmidt  gives  the  following : 


DUe. 

BaiMiUi. 

WblierelJi. 

l^rctot 

8,170,666 

8.ab6'.666 

8.550.000 

la.uoo 

14.  BOO 
1».TOO 
S2.900 
IM.BOO 

November4U) 

23 

■  "  MitthtllUDgpii  BUS  il.  mcd.  Foe.  (I,  Kalserltch  JapBDiscbeD 
I   vol.  ili.,  No.  2.  Tokyo,  Japwi,  1805. 

•Ewing:  Med.  Rec.,  April  4tli.  1908. 

'Coflhom:  Brit.  MeJ.  Jour.,  Mfly  lOtb.  IBOa. 

•  Ciiiry :  BoBtou  Med.  and  Surg.  Jour.,  March  2Ut,  1001. 
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In  four  cases  of  actinomycosis  ocourring  at  the  Maasachasette 
Greueral  Hospital  the  following  counts  were  recoided: 


8. 

4. 


Locattoo  of  tbe  dlioMe. 


Liver 


Lungs, 

Liver  . 
Lungs 


LeooooytM. 


81,700 
88,400 
88.800 
80,900 
88,000 
18,000 
18,800 
81,000 
86,000 


June  18th,  1807. 

<"     18th. 

*"    85tii.    Aotopqr. 
AprD.  1807. 
August,  1880.    Autopqr. 


August  11th. 
2  15th. 
-       17th. 


RABIES. 

Gourmont  and  Lesieur '  found  in  three  untreated  cases  of  human 
rabies  an  increase  in  the  polynuclear  cells,  accompanied  in  two  of 
the  cases  by  an  increase  in  the  total  count.  They  state  that  the 
''Polynucleosis"  is  present  from  the  beginning  of  the  nervous 
symptoms,  and  its  absence  is  strong  evidence  against  the  diagnosis 
of  rabies.  In  other  animals  they  got  similar  results.  Their  figures 
are  as  follows : 


(^9e. 

IUh\  wlls. 

White  oells*. 

Polynuclear. 

Lynipbocytes. 

Houn  before  deatiiu 

1 

3 

C,  300, 000 

24,800 

increased. 

5.0(K) 

7.000 

13,(MH) 

21,000 

88  per  cent. 

84 
84 
83 

85 
85 

12  per  cent. 

16 

16 

17 

15 

15 

1 

5 

28 

28 

8 
1 

In  three  treated  eases  the  blood  was  normal. 

DKXGUE 

H.  Graham  (JM/.  7?^v.,  February  8tli,  1902)  reports  and  pictures 
an  unpigiiiented  j)arasite  in  the  blood  of  cases  from  an  epidemic 
occurring  at  hi»yrouth,  Syria.  Ills  pictures  are  strongly  suggestive 
of  malarial  parasites. 

TKTANUS. 

In  three  (fatal)  cases  of  tetanus  treated  with  antitoxin,  I  ob- 
served the  following  counts : 


'  Courniont  und  Lesieur    Jour.  d«*  Phys.  et  Path.  Gen.,  1901,  p.  600. 


Caae     I.  Jimc  aui.  18B7 11,100 70  pt-r  ceut, 

Juue  S3il.  1887 11.900 

Case    n 19,00(1 

-     Ill    0<-lol)or8lst 18.200 SOperceot. 

The  eosiiKipliiles  do  not  decrease  as  in  most  fevers. 

HKRI-BEId, 

In  two  afebrile  cases  seen  at  the  Massachusetts  General  Hospital 
the  lollowiiig  is  recorded :  Case  I ,  red  cells,  3,896,000;  white  cells, 
7,800;  liieinoglobiu,  48  jier  ceut.  Case  U,,  leucocytes,  25,900, 
March  6th;  10,600,  March  7th;  14,000,  March  16th.  Differential 
count,  March  ICth:  Polynuclear,  74  60;  small  lymphoeytea,  18.26; 
large  lymphocytes,  fi.65;  eosinophiles,  1.60. 

The  eosiiiophilcs  are  said  to  be  much  increased  in  the  acute 
stages.  Spencer  '  states  there  is  uo  leuoocytosis.  Ewing  and  Daub- 
ler,  each  in  three  cases,  foiiud  normal  leucocyte  counts  with  uioder- 
a  and  uo  eosinophilia.*    Wright'  records  the  following: 


Tlpeotil 


,cule  pprnlcHiui . . 

ruu-  pMtUdou*  . , 
j-uw  pernicious . . 
eau  pcmlnlou* . . 


Beii-berl.  nwlitiul  fmnljila 
B«rl-biwl.  naldual  p*ral  jsl> 


4,770,(00 

s,^^uoo 
tiUiaaoo 


lytls  peraiiitmc. 


Pknlyilg  praslaleDt. 


'  Lancet,  Jamiarj  Sd,  1897. 

•  Buahntfll   luiB  fouud  leucocytosis  In   two  cases  (W.OOO  and  81,000)  but 
with  no  increase  In  the  por  cent,  of  polynuclears  (Lancet,  October  10,  1903). 
■Wright:  "Btiidles  from  the  Institute  for  Medlcnl  Researcli'  MulajStfttea," 
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RELAPSING  FEVER 
(See  page  481.) 

(a)  Diagnosis.  Leaoooytosis  is  the  rale.  It  is  most  marked 
just  after  the  crisis.  In  countries  where  this  disease  is  commosi  the 
difficulty  in  diagnosing  cases  between  attacks  (when  the  spiroohsBtes 
are  absent  from  the  blood)  is  frequently  met  with.  LOwenthal  has 
perfected  a  method  by  which  in  most  cases  the  diagnoais  can  be 
made  by  means  of  the  efifect  of  the  serum  of  suspected  cases  on  the 
spirochsetes  of  other  active  cases.  The  organism  cannot  be  culti- 
vated as  yety  so  that  a  diagnosis  of  this  kind  is  possible  only  during 
epidemics  when  fresh  blood  contaiuipg  the  organism  can  be  obtained* 
A  drop  of  blood  from  the  suspected  case  is  mixed  with  a  drop  fxom 
a  patient  tlien  undergoing  a  paroxysm,  and  the  two  are  sealed  with 
wax  between  slide  and  cover-glass  and  left  in  the  thermostat  for 
half  an  hour  together  with  a  mixture  of  normal  blood  and  blood 
containing  spirochsetes  as  a  control.  At  the  end  of  that  time,  if 
the  case  be  one  of  relapsing  fever,  the  organisms  in  contact  with 
the  blood  from  that  case  cease  their  motion,  while  those  in  the  con- 
trol are  lively.  It  is  not  a  clump  reaction  but  a  direct  bactericidal 
effect,  which  persists  in  tlie  seram  nearly  up  to  the  time  of  the  next 
attack.  The  diagnosis  so  made  by  Lowenthal  in  forty  cases  was 
verified  iu  every  case  by  the  course  of  the  disease.  In  this  way 
mild  or  abortive  cases  with  few  organisms  in  the  blood  can  also  be 
identified. 

(b)  Proynosis.  If  the  above  bactericidal  power  lasts  as  late  as 
the  seventh  day  from  the  last  attack,  and  in  sufficient  intensity  u> 
immobilize  the  spirochaetes  in  one  hour  or  less,  there  will  be  no  re- 
lapse. If  these  conditions  are  not  fulfilled,  relapse  is  sure  to  fol- 
low unless  prevented  by  treatment.  Lowenthal  has  verified  this 
prognostic  use  of  the  serum  in  over  one  hundred  cases. 


CHAPTER   V. 
DISEASES  AFFECTING  THE  SEROUS  MEMBRANES. 

Tuberculous  affections  of  serous  membranes  have  beeu  dealt 
vith  elsewhere  (p.  301) ;  but  an  exception  was  there  made  of  pleu- 
risy, for  although  there  is  reason  to  believe  that  the  majority  of 
esses  of  serous  pleurisy  are  due  to  tuberculosis,  we  rarely  have  proof 
of  it.  Tuljerculous  cases  have  not  always  been  distinguished  from 
non- tuberculous.  Hence  the  two  are  necessarily  considered  together 
here. 

SERorS  PLEUHIST. 

Von  Limbeck  finds  in  non-tuberculous  cases  from  13,000  to 
15,000  leucocytes  per  cubic  niilHmetre.  The  red  cells  and  hBBino- 
globin  are  not  uuich  affected  except  in  chrouic  cases. 

Bieder  finds  in  non- tuberculous  cases  during  the  stage  of  fever 
moderate  leucocytosis,  13,000  in  one  caae  in  which  the  Ijaoteriologi- 
cal  examination  showed  the  presence  of  Fraenkel's  diplococcus  iu 
the  exudation.  After  th^  fever  has  sul)si<led  the  leucocytosis  falls 
to,  or  nearly  to,  normal,  so  that  cases  examined  for  the  first  time 
some  weeks  after  onset  would  show  no  increase  at  all.  This  be 
thinks  explains  the  results  of  Halla  and  others  who  found  no  leuco- 
cytosis in  serous  pleurisy.  According  to  Rieder  the  presence  or  ab- 
sence of  leucocytosis  depends  not  so  miuth  on  whether  the  product 
is  serum  or  pus  as  ou  whether  the  trouble  is  stationary  or  advancing. 

Ill  tuberculous  pleurisy  despite  fever  Hieder  found  but  4,600 
white  cells  in  one  case,  and  Pick  got  similar  results  in  two  cases. 

Hayem  makes  no  clear  distinction  of  tuberculous  and  non-tuber- 
culous cases,  and  states  that  "  acute  inflammatory "  pleurisy  has 
from  7,500  to  12,000  leucocytes  per  cubic  millimetre.  The  fibrin 
network  is  much  less  dense  than  in  pnenmouia;  in  most  of  the  tu- 
berculous eases  it  is  not  inoreased  at  all. 

Morse  reports  224  counts  in  20  cases  of  serous  pleurisy — 
9  of  them  tuberculous.  No  relation  conid  be  established  between 
the  number  of  leucocytes  and  the  pi-esence,  absence,  or  degree  of 
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fever,  the  presence  of  blood  or  microsoopic  pus  in  the  fluid,  the 
amount  of  fluid  or 'the  duration  of  the  illness.  Increase  or  decrease 
in  the  amount  of  fluid  was  not  accompanied  by  any  parallel  change 
in  the  circulating  leucocytes 

Only  10  of  the  224  counts  were  over  11,000,  and  9  of  these  10 
wore  in  a  single  case  which  was  shown  at  autopsy  to  be  complicated 
by  a  secondary  pneumococcus  infection  Morse  oonolades  that 
primary  serous  pleurisy  does  not  show  a  leucocytosis.  His  figures 
are  as  follows : 

•  ■ 

From  8,000  to   4.000 Scountt. 

••  4,000  •*    5.000 19  " 

"  5,000  -    6,000....   40  " 

••  6.000**    7,000 81  ** 

«•  7,000  -    8.000 50  •• 

•*  8.000  *^    9,000 49  ** 

••  9.000  **  10.000 27  •• 

••  10.000  **  11.000 8  •• 

••  11.000  *•  12.000 4  ** 

••  18.000  **  14,000 1  •• 

Total 224  counts. 

Fig.  31  from  Morae  shows  how  "  the  whit«  count  dodges  up 
and  down  without  the  slightest  api)arent  connection  with  the  quan- 
tity of  fluid." 

In  314  cases  examined  at  the  Massachusetts  General  Hospital 
the  count  of  leucocytes  at  the  tinu»  of  entrance  was : 

Table  XXIX.— Pleuritic  Effisiox  (Serous). 

Between   3,000  and   4,()00 5  cases. 

**         4,000    "      n.OOO 14  •* 

"         5,000    **      6,000 32  ** 

"         6,000    "      7.000 87  " 

7,000    "      8.000 88  ** 

8.000    "      9,000 48  ** 

9.000    "     10.000 36  *• 

10,000    "     11.000 a5  ** 

11,000    **     12.<M)0 16  " 

**        12,000    "     15,000 81  ** 

Over  15,000 22  ** 

Total 314  cases. 

Average  =  9.300. 
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Here   tuberculous   and   uon- tuberculous   cases  aie   not  distill-               H 
guiahed,  and  a  majority  of  them  were  uot  seen  till  the  trouble  liad               H 
been  going  ou  two  or                                                                                                  f 

tientsdid  not  seek  ad- 
vice until  the  effusion 
was    large   enough  to 
cause    dysputea.      Of 
the  242  cases  all  but 
35  had  no  leueori/tosU. 
Most  of  the  cases  were 
afebrile  or  uearly  so. 
Eight  cases  reacted  to 
injections  of  tubercu- 
lin.    None  of  these  8 
had  leucooytosis. 

The  cases  with  leii- 
oocytoais  were  mostly 
those   seen  in  the   fe- 
brile stage,    near   the 
beginning  of  the  sick- 
ness.    No  differential 
counts  were  innde. 

In  chronic  cases  the  n 
ished,  but  this  has  not 
under  4,000,000  was  re 
much  dimini.slied. 

1.  Red  cells  and  hien 

2.  In  adults  the  white 
as  a  result  of  simple  ui 
waves  of  leucocytosis  occ 
then  the  leucocyte  count 
cytosis  indicates  some  co 

The  blood  count  may 
eluding  empyema,  pneui 
all  of  which  are  accomp 
the  average  count  m  se 

MOUTH 
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■       1 

Fltl.BI.-OBiHT  or  LFrOOOVTIW  IN    PUTTRIBT    (HOME). 

d  cells  are  said  to  be  considerably  dimin- 
^en  the  case  in  our  series:  no  count  of 
orded,   luul  the  coloring  matt«r  was  not 

Si'mmari/. 
oglobin  show  no  important  changes. 

cells  are  probably  never  steadily  increased 
complicated  serous  pleurisy.     Occasional 
ir  in  a  small  percentage  of  cases,  but  even 
rarely  reaches  14,000.     Continuous  leuco- 

iplication. 

Dinipiottte   Vn/ue. 

lielp  a  good  deal  in  doubtful  cases  by  ex- 
iionia,  and  malignant  disease  of  the  lung, 

nied  by  high  leucocyte  counts.     Compare 

rous  pleurisy,  6,130,  with  the  average  in    i 
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pneamonia,  24,000,  or  in  empyema,  18,300.    The  few  OQUUtl  I 
have  seen  of  malignant  disease  of  the  long  haTe  been  atill  higher. 

Ha^m  insiBts,  rightlj'  it  seems  to  me,  tiiat  clinieianB  eoald  get 
teal  help  from  blood  examination  in  almost  ereiy  case  of  donbtfol 
diagnosis  in  which  the  luug  and  pleon  an  in  qneation.  In  chil- 
dren the  leucocTtes  are  sometimes  considerably  inoreaaed  by  even  a 
serons  inflammation,  their  blood  reacting  always  more  attonglj  than 
that  of  adults  to  any  morbid  inflnence,  and  in  them  it  majr  be  im- 
possible  to  distinguish  serous  from  purulent  pleorisy. 


Dbt  Puurmt, 

i 

Bed  (Mb. 

WUte 

Per  coot 

oelh. 

■kMn. 

M 

80.000 

96 

es 

27,900 

75 

w 

19.000 

80 

81 

10.900 

W 

SI 

12.000 

90 

89 

10.800 

80 

41 

9.000 

72 

89 

6.800 

25 

8,700 

85 

34 

7.800 

80 

7.100 

21 

2,  TOO 

85 

PL'HLLEST    PLEURISY  (EMPYEMA). 

The  counts  in  twenty-six  cases  observed  at  the  Massachusetts 
Hoapital  are  as  fwllows  : 

TaULK  XXX RwPTgM* 


■i 

Akp. 

.«'!.  i    Bedrellt. 

1 

WhlU; 

Pit  rent 
glob£ 

b™««. 

I 

9 
S 

12 
S 
1 

h'MO.WO 

57.800 
64.4(H) 
55.000 
4».2O0 
45,. Wi) 

Bl 

Slrvptococrus. 
Pneumococci  in  pus. 

4 

2 

3,032,  (KW 

;il,7i)n 
4ri,(mii 

4<1,IM«J 

35 

Fifth  day. 
Eighth  (luy. 

PUBULBNT  PliBURISY   (EHFTBKA). 


Taua  XXX.— Ehftsxa  (Omttnued). 


Pwont 

Age. 

Sex. 

BedMUs. 

hWIIKl- 

Kcmuti. 

K 

cella. 

Ktobm. 

0 

1 

4^000 
U.400 
28,000 
20.000 
24.000 
81.400 
22.000 
41.S00 

Wretday. 
Tliird  day. 
Fifth  dftv 

Eighth  ^av.     Tap. 
Eleventh  day 
Fnurteenth  day. 
Seventeenth  day. 

6 

20 

" 

41,000 
39,900 

February  11th.    T»p, 
February  IStk    Tap. 

7 

21 

88.000 

8 

5 

87.800 

9 

83 

33.600 
85,200 

10 

4 

e,'Mi6,bbb 

S4,S00 
82,000 

u 

4 

80.400 

12 

47 

80,000 
89.000 
37,000 
36,000 

Ffrat  day. 
Third  day. 
Sixth  day. 
Eighth  day     Pnenmococci  In  pui 

13 

88 

80,000 

U 

28 

.31,000 
31.000 

23.800 

45 

33,800 

June  5lh. 

84.700 

June  7lh. 

20,800 

June  8th.  Tappeil  turbid  serum. 

17.700 

June  Bth. 

33,000 

June  lOlh. 

22.100 

June  12lh. 

31,800 

June  14th. 

17.200 

Jiuie  2ai. 

27,300 

June  a4th. 

80.100 

June  29th. 

2.^.800 

July  Bih. 

23.600 

Pneumococcua. 

15 

6 

21.600 
34,600 
20.600 
14,700 
11,400 
11,700 
18.000 
36,000 

PneumococcUB. 
Five  days  later. 
January  5th. 
Januarj-  7th. 
Janusrj-  23d. 
January  2Stli.     Tapped. 
January  3uiU.  Re -accumulation. 
Fehruary  8(1.    Operated  ;  pneu- 
mucocci  and  BtreptococcC, 

16 

2 

19,600 

17 

45 

is,700 

Frlediauder'8  baclllua. 

18 

6 

16,000 

Tap,  pus. 

19 

24 

4,!53,000 

l.-),000 

45 

Operated. 

20  ■  27 

14.200 

31 

89 

13.300 

Oangrene  of  lung  also. 

gPBCIAL  FATHOLOOT  OP  THE  BLOOD. 


Table  XXX. 

— Emptbiu  (OfAtfiHMd). 

i^ 

am. 

KedMlls. 

www 

Perwm 

milt. 

Blown. 

Fifth  dHV. 
Fifwiilli  day. 

28,600 

u 

13,000 

M 

« 

18,000 

sterile. 

84 

4.193.000 

10,800 
18,  MO 

14,M0 
18,800 
10.000 
16.900 
15,S00 
15,800 

48 
50 

December  aoth. 

December  SSd.    BidIm  tala  bm^ 

culture*  aierilc 
JwiuarySd. 
January  4th. 
January  9ih. 
Pueumococcui. 

4.600.000 

14.000 

iSGO.OOO 

12.850 
12,400 

SB 
00 

4.000.000 

13.000 
11.700 
10.900 

44 

Cultnra  sterile. 

SB 

fl 

8.400 
7.600 

Three  quarts  st^rUe  pui. 
Operated :   eevcral  pints  of   piu  i 

Btreptoeocci. 

EXPTEXA. 

Between    2,000  and  13,000 8  cases. 

12.000  -  14,000  6  - 

14,000  -  18.000 4  " 

18.0IX)  -  20.000 5  " 

3«,000  "  34.01)0 5  " 

24,000  -  4O.(K)0 11  " 

40,000  -  00.000 8  " 

Total 43     - 

Average  20,000  +. 

This  is  in  niarktrd  contmst  with  serous  pleurisy  as  above  noted. 
Von  Liiubet-k  and  Da  Costa  have  noted  the  same  tiling. 

"lu  a  case  of  empyema  in  which  tubercle  bacilli  were  extreme- 
ly numerous,  the  writer  found  moderate  intermittent  leucocjtoais 
(maximum  18,000)."     (Ewing.) 

PERITOXITIS. 
A  patient  with  serous  jikniriay  (uon- tuberculous)  is  hardly  aver 
in  danger,  while  if  the  general  peritoneal  cavity  is  the  seat  ot  a  like 
inflammation,  recovery  is  almost  out  of  the  (luestion. 


PBBITOWITI9.  981 

This  clinical  difference  is  parallel  to  the  difference  in  the  blood 
condition.  Any  inflammation  (non- tuberculous)  of  the  peritoneum, 
whether  serous  ov  purulent,  calls  very  large  numbers  of  leucocytes 
into  the  peripheral  blootU  The  only  exceptions  to  this  rule  are 
those  cases  in  which  the  organism  is  so  overwhelmed  by  the  disease 
that  it  offers  no  resistance.  VV"e  have  seen  that  this  same  effect  ia 
produced  in  the  severest  cases  of  pneumonia  and  diphtheria,  and 
presumably  it  is  time  of  uiany  other  infectious  diseases  iu  which 
the  blood  has  been  less  carefully  studied. 

Almost  all  eases  of  general  septic  peritonitis  show  very  marked 
lencocytosis,  and  the  spreading  of  a  localized  process  is  always  indi- 
cated by  an  increasing  leucocytosis.  But  here  and  there  it  happens 
that  the  patient  cannot  react  against  the  disease  at  all,  and  then 
the  leucocytes  are  normal  or  diminished.  This  never  occurs  iu  em- 
pyema, because  the  system  ia  iiever  so  overwhelmed  by  a  septic 
process  in  the  pleura.  Tlie  fibrin  network  is  increased  In  almost 
all  cases.  The  following  counts,  all  in  fatal  cases,  illustrate  these 
points : 

Table  XXXI.— Gknebal  Peritohitis. 


L 


No 

Ate. 

Sax. 

lUdoeU.. 

While 

cell*. 

„^ 

U 

5*.0U0 

S=."?'SS'Si..«.-«w«w. 

> 

F. 

7.ooo.ta» 

3S.0U0 

8 

15 

» 

Ar"- 

* 

Prtrlr,  ■fiprkborUan.   Sereolb. 

CbronlP.'iiunilHit. 
Ruphired  bliuldBr. 

'r 

s- 

i.ooaooD 

2£,000 

"r 

S3S 

&?&»'&"«'""•""'■ 

" 

n 

"■ 

s 

1( 

i:SS: 

otainictlun;   mvH   Id   tUree  d«n:   »o- 

fi.Ton.iino 

Uirked 

per   cent:   lympbcrtfo.  9i:   tnUoa- 

;«! 

jffaU:  ""'■ 
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DiagnasHe  lvalue. 

1.  When  a  diagnosis  rests  between  peritonitis  and  (a)  obstroo- 
tion  (uon-malignant);  (6)  malignant  disease;  (e)  hysteria,  phan- 
tom tumors,  or  malingering,  the  presence  of  marked  leoooojtoais 
with  increase  of  the  fibrin  network  speaks  strongly  in  fanxr  of 
peritonitis. 

Obstraction  or  malignant  disease  may  increase  the  number  of 
leacocytes  but  rarely  increases  the  amount  of  fibrin. 
Hysterical  or  malingering  patients  have  normal  blood. 

2.  We  cannot  distinguish  serous  from  purulent  peritomitia  in 
septic  cases,  but  tttberculoua  peritonitis  can  always  be  exoloded  if 
leucocytosis  is  present 

3  As  to  the  *'  chronic  granular  peritonitis,*'  non-tubercolooa  and 
non-septic,  I  have  seen  no  reference  in  haematological  literature  and 
have  no  first-hand  knowledge. 

4.  In  the  worst  cases  leucocytosis  may  be  absent,  as  in  the  most 
virulent  type  of  pneumonia. 


PERICARDITIS  (WITH  EFFUSION). 

As  in  most  other  inflammations  of  serous  membranes,  we  can  dis- 
tinguish the  tuberculous  cases  which  have  no  leucocytosis  from  tlie 
rheumatic  or  septic  cases  which  always  increase  the  white  cells. 
The  i;uberculous  cases  are  discussed  under  tuberculosis  (see  page 
288).  The  following  counts  illustrate  the  rheumatic  form  of  the 
disease : 

Table  XXXII. 


• 

■ 

White 

Per  cent 

ii 

& 

Red  cells. 

ct^lls. 

biemo- 

Remarks. 

8 

< 

•  • 

glublD. 

1 

42,400 

November  8d.  1895. 

82.  (MK) 

November  7th,  1895. 

19.200 

November  11th.  1895. 

17,500 

December  8th,  eitusion  nearly  gone. 
DecemlKT      24th,     endopencarditis, 

2 

•  • 

2,682,000 

21,600 

45 

chronic  nephritis. 

27.100 



December  26th. 

86,600 

December  29th,  do  fever. 

26.7(K) 

•  •  •       •  • 

May  Ist. 

1\),2(M) 

May  8(1. 

24.  H(XJ 

May  4th. 

28.600 

May  7th. 

20.100 

May  8th. 

PERICARDITIS   (WITH  EFFUSION). 
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8 

4 
5 
6 

7 
8 
9 


10 


11 


22 

8 

21 


White 

Percent 

Red  cells. 

cells. 

haemo- 

fflOblD. 

4,568,000 

26,000 
19,400 

67 

•  ■••••■• 

24,000 

4,168,000 

19,447 
15.400 

67 

14.600 

65 

12,000 

68 

4,876,000 

17,680 
12.500 

58 

4,296,000 

13,400 
18,900 

52 

15.800 

58 

12,600 

68 

6,300 

62 

RemarkB. 


December  14th 

December  20th,  effusion  subsiding. 


Autopsy. 
Tapped. 
February  28th. 
March  8d. 
December  26th.- 
December  80th. 
January  15th. 
February  9th. 


Hayein  has  noted  that  pericarditis  is  far  more  apt  to  produce 
leucocytosis  than  is  endocarditis. 


Dry  Pericarditis. 

• 

White 

Per  cent 

s 

S 

Red  cellK. 

cells. 

hsemo- 

Remarks. 

o 

-< 
11 

(flobin. 

1 

34,600 

80 

Adhesions.    Autopsy 

2 

39 

81,800 

80 

March  8l8t. 

18,600 

•   • 

April  9th. 

22,000 

•   • 

April  22d,  dry  pleurisy,  death 

3 

11 

20,600 

80 

March  12th. 

25,000 

•  • 

March  18th,  general  septicaemia,  pleu  - 
risy  with  effusion,  alcoholism.    Au- 

topsy. 

4 

15 

11,800 

76 

February  5th,  mitral  regurgitation 

19,900 

•  • 

February  7th.  cardiac  hypertrophy 

1,850 

•  • 

February  15th.  peiinephritis. 

16.900 

«  • 

February  27th,  enlarged  liver,  ascites 

H^MOPERICARDIUM. 


1 

White  cells.        1   hJIfSn. 

Remarks. 

13,000 
14,200 

70 

August  20th.  tapped;  bloody  fluid  obtained. 

discharged  well. 
August  22d. 

10,400 
15,100 

August  24th. 
August  27th. 

7,200 

August  28th. 

384 


SPECIAL  PATHOLOGY  OF  THS  BLOOD. 


MENmorria 

Lencocytoeis  is  usually  well  marked.  Von  Limbeok  oonsiden 
that  tabeiculoas  meningitis  can  be  distinguished  from  purulent  by 
the  absence  of  leucocytosis  in  tuberculous  cases,  but  Osier '  states 
that  many  cases  of  tuberculous  meningitis  do  have  leucocytosis 
throughout  their  course,  and  my  own  observations  (see  Table 
XXXIII.)  confirm  this.  Of  Rieder*8  cases  one  had  leucocytosis 
and  one  did  not.  Zappert's  case  had  11,130  white  ceUS|  and 
Ziemke  had  one  with  17,500.  It  seems,  therefore,  that  we  some- 
times have  here  an  exception  to  the  rule  that  tuberculous  processes 
do  not  produce  leucocytosis.  Certainly  some  cases  do  follow  this 
rule.  But  however  this  may  be,  it  is  certain  that  purulent  menin- 
gitis, whether  secondary  or  of  unknown  origin,  is  characterized  by 
high  leucocyte  counts,  and  if  in  a  case  evidently  of  meningitis  of 
some  kind  leucocytosis  is  absent,  the  case  is  probably  tuberculous  in 
origin. 

Tablb  XXXIII.— Mkrinoitis— Of  Various  Ttfes  not  EpiDExia 
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1 
2 


8 
4 

5 
6! 

7 

8 


Age. 

• 
M 

<2 

■  • 

19 

Adult. 

M. 

M 

88 

•  • 

1 

•   • 

28 

M. 

87 

•  « 

48 

■  • 
1 

Red  cells. 


White 
oelte. 


•  •  •   • 


.  I  62,(H)0 
5,900,000    40,000 


6,400,000  88.000 
88.  mX) 
80.400 
82,(K)0 
27,500 
1«,500 
27,000 


6.000.000 


•  ••■••• 


»••••••• 


25,600 

22.000 
24.600 
26,200 
81.400 
26,000 
27,400 
22.000 
28,000 
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hflemo- 
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90 

•   • 

90 
95 


80 


Bemarki. 


Autopsy:  pueumococcus. 

Diff.  1.000  cells-  adult  cells,  08 

per  cent:   young   cells,  7  per 

cent ;  eosinophiles,  0 
(Otitis?)  question  of  typhoid. 
February  18th. 
February  17th.  death. 
Cerebro- spinal ;  death. 
March  I6th;  cerebrospinal. 
March  18th. 
Autopsy;    pneumococcus;    otitis 

media  purulenta. 
Subacute   cerebro-spinal ;  March 

2d. 
March  5th. 
March  9lh. 
March  18th. 
March  16th. 
March  19th. 
March  2 1st. 
Mardi  27th. 
March  80th. 
April  8d. 
April  6th. 


'  "Practice  of  Medicine,"  2d  edition. 
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12,800 
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10 

11 
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July38rb,  temperature  102  3' 

July  81  Bt 

August  8ij ;  teniperoture  103'. 

August  5th 

August  7th. 

Augiut  Stb. 

August  13lb. 

AugUBt  13th. 

August  18th. 

August  19tb. 

August  2lst. 

August  36tli. 

Death  September  5th ;  no  autopsy. 
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10.400 
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Lumbar   puncture   shows  diplo- 

coccus  intiTcellulftris  of  Weicli- 
selbaum.     Death. 

M. 

10.000 

IM 

M 

M. 

lfl.OOO 

HI 

SO 
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15,784 

Autopsy:  cerebro  spliml 

20 

2 

M. 

14.300 

Basilar:  no  tuberculosis  in  family; 

21 

33 

SI. 

4,856,000 

14.000 

73 

22 

27 

18.200 
IS.SOO 

85 

Cerebro-spinai,  March  28th. 
Death,  Marcb  dOtli 
DifferenlcounlsaOOcella,  polynu- 

clcar  leucocytes,  W8.a  per  cent . 

smull    lympliucytes,    11.4    per 

ci-iih   large    lymphocytes,    4  8 

per  ccni. 
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Table  XXXm.— MmoNqinB— Of  VABiopsTTPBmoT  Epipemio  (Cbiitf mud) 
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24 
25 

26 

27 


Age. 


10 


85 
40 


16 
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M. 


BedoODi. 


•••••••• 
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Wtalte 
oelli. 


12,800 
18,600 
10,000 
11.700 
9,600 

8,000 
7,200 


Psr  ooDt 
lueino- 
gloMn. 


85 

•  • 

70 
95 


January  24th. 
Januarj  26Ui. 
February  8d. 

Autopsy:  chronic diffnae  pachy* 

roeningltJa. 
Gerebro-aplnal;  death. 


EPIDEMIC  CEREBRO-»PINAL  MENINGITia 

Williams  finds  leucocytosis  in  about  two-thirds  of  his 
The  following  counts  were  made  during  the  epidemic  of  1897. 
The  red  cells  are  not  markedly  affected.  Vasomotor  polycythsemia 
may  occur.  Leucocytosis  is  the  nile,  but  is  not  invariable.  In  a 
general  way  the  higher  the  count  the  severer  the  case,  and  the  count 
usually  rises  as  the  case  gets  worse  and  falls  with  improvement, 
though  often  very  slowly.  In  the  febrile  recrudescences  bo  commcm 
in  chronic  cases,  the  leucocytes  usually  rise  again,  though  the  eosin- 
ophiles  may  not  disappear  as  they  ordinarily  do  in  the  earliest 
days  of  the  illness.  No  prognostic  inferences  can  be  drawn  from 
the  behavior  of  the  eosiuophiles  in  meningitis. 

Table  XXXIV.— Epidemic  Cerebro-Spinal  ^lENiNams. 

Wbitp  Cells.  Counto. 

Between    5,000  and  10.000 9 

**        10,000    "  15,000 50 

15,000    "  20,000 42 

**        20,000    "  25,000 27 

25.000    "  30.000 21 

"        30,000    «  35,000 9 

35.000    "  40,000 ....  10 

40,000    "  45,000 7 

"        45,000    "  50,000 1 

50,000    "  55,000 5 

Total 181 

Flexner  and  Barker,  investigating  a  large  epidemic  at  Lonacon- 
ing,  Md.,  found  leucocytosis  in  every  case  (12,000-32,000  per  cubic 
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millimetre).  The  epidemic  studied  by  Williams  and  myself  was 
apparently  due  to  the  diploeoecus  intracellularis  of  Weichselbaum. 
Secondary  meningitis  (otitis  media,  etc.)  seems  to  have  similar 
effects  on  the  blood. 

Diagnostic  Value. 

Meningitis  is  the  only  intracranial  disease  (except  abscess  and 
apoplexy)  which  shows  leucocytosis,  and  this  fact  may  be  of  great 
help  in  excluding  other  causes  of  coma. 

1.  Brain  tumor,  hysteria,  lead  encephalopathy,  and  most  cases 
of  narcotic  or  alcoholic  intoxication  do  not  cause  leucocytosis  and 
hence  can  be  excluded  by  its  presence. 

2.  Uraemia,  apoplexy,  sunsti'oke,'  diabetic  coma,  and  post- 
epileptic coma  may  have  leucocytosis  and  cannot  be  distinguished 
from  meningitis  when  leucocytosis  is  present;  but  the  absence  of 
leucocytosis  excludes  meningitis. 

3.  Some  cases  of  typhoid,  when  seen  for  the  first  time  and  with- 
out a  history  of  the  previous  illness,  may  be  difficult  to  distinguish 
from  meningitis,  but  typhoid  never  has  leucocytosis  if  uncomplicated 
and  meningitis  always  has. 

4.  From  pneumonia  we  cannot  distinguish  meningitis  by  the 
blood  count. 

'  In  a  case  of  heat  exhaustion  (temperature  104"*)  without  coma,  a  leucocyte 
count  of  27,200  is  recorded  at  the  Massachusetts  General  HospitaL 
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CHAPTER  VI. 

TUBERCULOSIS. 
Agglutinative  Keaction. 

Since  Arloing  and  Courmont's  communication  in  1898  at  least 
niueceeu  other  obsei'vei*8  have  studied  the  question  whether  there  is  an 
agglutinative  i-eactiou  between  the  blood  of  tuberculous  patients  and 
tubercle  bacilli  dissociated  in  fish  bouillon  or  other  nutrient  liquids. 
Their  results  have  been  admirably  summarized  by  L.  M.  Loeb.' 
Thirteen  of  the  nineteen  observers  (Russian,  French,  and  German) 
get  results  practically  identical  with  those  of  Arloing  and  Courmout, 
I  e.,  find  agglutination  in  a  considerable  percentage  of  tul^rculous 
subjects  and  a/so  in  from  oO  to  60  per  cent  of  those  shotcing  no  cHnical 
evidence  of  tnberculosis.  This  last  fa(;t  deprives  the  test  of  practical 
value  in  the  estimation  of  Lot'b  and  of  some  others  whose  results 
ai*e  the  same  as  those  of  Arloing  and  Courmont. 

At  least  six  investigators,  among  whom  are  Heck,  Koch,  and 
Fraenkel,  fail  altogether  to  confirm  Arloing  and  (^ourmont's  results. 
I  have  no  personal  experience  with  the  test. 

Kei)  Cohpl'sclks  and  1L*:moglobix. 
(a)    Qnantitatirc  Chanrjes, 

I  The  striking  fact  is  the  absence  of  such  anaemia  as  we  should 
expect,  judging  from  the  pallor  of  the  patients  and  the  nature  of 
the  disease.  It  is  <M)mmon  to  find  a  normal  or  even  increased  num- 
ber of  red  cells  in  ]>ale,  cachectic-looking  consumptives.  We  cannot 
help  wondering  whether  our  methods  of  examination  are  at  fault, 

'  Locb.  Jour.  Am.  Med.  Assn.,  May  23d,  1903  (literature). 
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tliat  is,  whelliei'  the  drop  we  examine  is  typical.  (l''oi 
of  the  subject  see  page  68.)  However  this  may  be,  it  is  uudoubt- 
edly  the  fact  that  in  most  cases  of  tuberculosis,  eveu  in  advanced 
stages,  tbe  count  of  I'ed  cells  is  often  normal,  or  iiiereaaed  with  cor- 
respondinffli/  high  ha-moglobin. 

II.  lu  a  siualler  nuiubei-  of  cases  t!ie  htemoglobiii  is  much  di- 
minishei],  although  the  count  of  red  cells  is  normal — In  other 
words,  we  find  the  blood  characteristic  of  a  moderately  severe  sec- 
ondary auKmta.  The  red  cells  are  numerous  enough,  bitt  only 
because  their  numbers  bave  been  recruited  by  the  influx  of  "half- 
baked  "  or  decrepit  coi-puscles,  sinall-aized  and  pale,  poor  in  albu- 
min and  lisemoglobin. 

The  condition  difEei-s  from  that  of  chlorosis  mainly  in  that  some 
of  the  red  cells  are  normally  developed  and  nourished,  while  in 
chlorosis  all,  or  nearly  all,  are  feeble.  Such  blood  occurs  in  the 
severer  and  more  cachectic  sufferers  from  tuberculosis,  just  oft«a 
enough  to  maUe  us  wonder  that  it  is  not  alwai/s  to  be  found. 

III.  In  a  small  pei-centage  of  cases  both  red  cells  and  litemo- 
globin  are  considerably  diminished,  the  latter  usually  suffering 
more  than  do  the  actual  number  of  cells,  that  is,  tbe  color  index  is 
oaually  below  1, 

Von  Limbeck  '  has  recorded  a  case  in  wliich  in  the  course  of  a 
tnberouloua  process  (acute)  the  red  cells  fell  as  low  as  700,000 
(white  cells,  6,000;  specific  gravity  1.032).  But  tbe  account  of  the 
,  blood  is  not  sufficiently  explicit  in  this  case  to  enable  us  to  exclude 
a  true  pernicious  aneemia  in  the  course  of  which  the  tuberculosis 
may  have  been  ouly  the  last  incident.  No  other  such  case  is  on 
record,  bo  far  as  I  am  aware. 

"In  phthisis,  as  well  as  in  other  tuberculous  processes,  great 
caution  must  be  used  in  judging  of  the  patient's  improvement 
from  an  increase  in  red  cells  or  luenioglobin.  The  writer  has  seen 
the  hsemoglobin  and  red  cells  increase  while  the  patient  was  rapidly 
losing  flesh,  tlie  leiions  advancing,  and  the  total  quantity  of  blood 
doubtless  falling.  In  several  of  Bierfreund's  cases  the  hiemoglobin 
steadily  increased  while  the  patient  was  developing  genei-al  tuber- 
culosis."    (Ewing.) 

IV.  Fibrin  is  not  increased  unless  extensive  secondary  infection 


H     is  present. 


'  Loc.  ciC,  p.  .'i64. 
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(6)    Qualitatiec  Chaiiijea- 

I    There  may  be  none  whatever. 

[I  There  may  be  only  a  pallor  of  some  of  the  individual  corpus- 
cles with  slight  changes  in  size  and  shape. 

III  III  very  severe  cases  the  poikilocytosis  may  be  extreme,  but 
this  is  much  rarer  tlinn  in  many  other  cachexias  of  the  same  severity 
(e.(/  ,  malignant  disease) 

IV  An  import.ant  point  is  the  usual  absence  of  nucleated  red 
cells  Even  after  hemorrhages  it  is  rare  to  lind  any  nucleated  red 
cells,  and  this  is  in  marked  contrast  with  cancer  cases,  in  which 
nucleated  red  cells  are  the  i-ule. 

V.  The  degenei-ative  changes  de3cril)e<l  by  Maragliano  are  some- 
times found  in  severe  cases  with  mixed  infection  (c/*/^  infra) 

As  regai'ds  the  influence  of  the  different  seats  of  tuberoulooa 
disease  (meningeal,  pulmonary,  geni to-urinary,  acute  miliary,  eto.) 
upon  the  red  corpuscles  and  heemoglobin  the  foUowing  are  tlie 
probabilities: 

Pure  tuberculous  disease  itself,  whatever  its  seat,  has  little  or  no 
effect  upon  the  blood  The  widely  different  conditions  of  the  blood 
found  ill  different  cases  dejiend  probably  on  the  presence  or  absence 
of  various  other  organisms  (diplococcus  lauceolatus,  pyogenic  cocci) 
associated  witli  the  tubercle  bacillus,  and  on  whether  there  is  some 
drain  on  tlie  liody  albuminoids  (diarrhcen,  peritoneal  effusion,  star- 
vation, prolonged  suppuratiou).  When  the  iufectiun  is  a  mixed 
one,  the  blo«l  shows  the  ordinary  effects  of  septiwemia  (for  then 
the  case  i»  practically  one  of  septiceemiaj  in  lessening  the  number 
and  quality  of  the  red  ceils  When  there  is  drain  on  the  fluids  and 
proteid  constituents  of  the  body,  tlie  red  cells  may  not  seem  to  l>e 
diminished,  owing  to  the  concentration  of  the  bloo<l  fi'om  loss  of 
fluid  Under  such  circumstances  they  may  even  seem  increased, 
but  the  individual  corpuscles  are  sure  to  be  lacking  in  hEemoglobia 
and  tlie  other  nitrogenous  bodies  of  which  they  largely  consist. 

Fever  may  be  present  witliout  there  being  any  changes  iu  the 
red  cells  that  we  can  detect.  It  is  only  septic  fever,  and  not  the 
fever  of  pui'C  tuberculosis,  that  drains  the  corpuscles  of  their  vitality 
aad  lowers  their  numbers. 


(a)   Quantitative  Changes. 

Here,  as  with  the  red  cells,  the  striking  fact  is  the  absence  of 
changes  in  pure  tuberculosis  *  It  makes  no  differeuce  whether  we 
are  dealing  with  tnbereulosis  of  the  bones,  serous  membranes,  or 
internal  organs.  So  long  as  the  infection  remains  numixed  the 
white  cells  are  not  increased.  In  certain  localities  (lungs,  kidnejs) 
the  opportunities  for  a  secondary  infection  and  septiceeinia  are  so 
great  that  we  frequently  find  evidence  of  it  in  the  blood  On  the 
other  hand,  psoas  abscesses  before  they  are  opened  often  contain 
only  tubercle  bacilli,  and  the  blood  of  such  cases  shows  no  consider- 
able changes. 

So  much  more  is  known  of  the  numerical  variations  of  the  leuco- 
cytes in  tulierculosis  than  of  the  other  blood  constituents,  that  I 
shall  give  a  separate  account  of  them  in  phthisis,  in  tuberculous 
bone  disease,  in  tuberculous  meningitis,  acute  miliary  tuberculosiSj 
genito-urinary  tuberculosis,  and  tuberculous  peritonitis 


I.  PHTHISIS. 

I  In  incipient  phthisis  the  leucocytes  are  nonnal  except  after 
htemoptysis. 

II.  After  attacks  of  /nemoptj/sis,  there  is  usually  leucocytosis, 
subject  to  wide  variations  according  to  the  amount  of  the  hemor- 
rhage and  the  resisting  power  of  the  patient  This  follows  the 
laws  of  ordijiary  post- hemorrhagic  leucocytosis  (rirfe  supra)  and  dis- 
appears quickly  when  the  hemorrhage  ceases 

III  Cn^'lVlM.  —  Very  constantly  accompanied  by  leucocytosis. 
Indeed  the  absence  of  leucocytosis  in  any  case  proves  the  absence  of 
any  cavity  of  considerable  size. 

Ewiug  "has  seen  lioth  lungs  consolidated  and  riddled  with  small 
cavities  in  a  case  lasting  five  weeks,  yet  the  leucocytes  were  never 
found  above  12,000  The  absence  of  lencocjtosis  in  tbese  cases  of 
acute  phthisis,  which  resemble  pneumonia,  may  often  be  of  value 
in  diagnosis.  Similarly,  in  a  case  of  subacute  empyema  in  which 
the  tubercle  bacillus  was  largely  concerned,  the  leucocytes  were 
found  not  to  exceed  14,000  during  an  acute  febrile  ]>eriod."  In 
moderately  advanced  cases  living  in  the  open  air  with  ample  proteid 
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diety  Galbraith  *  finds  ''  moderate  leuoocjtosiSy  large  absorptiye  lym- 
phocytosiSy  and  an  almost  constant  eosinophilia.^ 

IV.  Extensive  infiltration  ('' tubercnloos  pneomonia ")  may 
cause  marked  increase  of  white  cells,  sometimes  as  gxeat  as  in 
croupous  pneumonia,  but  this  is  not  invariable. 

v.  Fibroid  Phthisis  (chronic  interstitial  pneumonia). — As  a  role 
the  leucocytes  show  no  increase,  but  if,  as  sometimes  ooenrSi  we 
have  the  combination  of  this  condition  with  cavity  fonnatioiii  the 
latter  may  increase  the  count  of  white  cells. 

YI.  Fever. — When  the  temperature  is  normaly  the  leueoojrtes 
are  normal,  but  a  febrile  state  may  or  may  not  be  aooompanied  by 
leucocytosis  (according,  presumably,  as  the  fever  is  or  is  not  due  to 
pyogenic  organisms). 

VII.  Tuberculin  Injections. — At  the  height  of  the  reaction  fever 
the  leucocytes  almost  always  rise,  the  lymphocytes  and  eosinopliiles 
being  relatively  increased. 

In  a  general  way,  the  worse  the  case  the  higher  the  -lencooyte 
count,  yet  the  signs  may  be  advanced  without  causing  any  lenoo- 
cytosis  if  cavities  are  absent. 

The  following  tables  give  some  idea  of  the  range  of  the  counts 
in  average  hospital  cases  of  phthisis : 

Phthisis — Red  Cells. 

Between  2.000.0(K)  uiul  8.000,000  =    1  case.  . 
8.000,000    **    4,(K)0.000  =  22  cases. 
**  4.000,0<M>    "     r),(MK),000  =  27     " 

5,000.000    "     6.000,000  =  17    " 

Total 67    - 

Phth  ISIS — ILemoglobin. 

From  10  to  20  per  cent  =    1  case. 
**     20  **  80        "        =    0      ** 
"     30  '*  40        "        =5  cases. 
"      40   "  50        **         =    8      " 
"      50   "   60        "         =  21      ** 
•*      60   "   70        "         =  35      ** 


«  70  "HO  "  r=  8«  " 
"  80  ^  00  "  =  19  " 
«      90   '*100        "         =    5      •* 


Total 132      " 

« Galbraith:  Brit.  Med.  Jour.,  March  14th.  1908. 
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Phthisis— White  Cells. 

Between  8,000  and  4,000  =    5  casea 

4.000  **  5.000=    7  ** 

5,000  "  7,000  =  25  ** 

*        7,000  "  9.000  =  26  ** 

«    9,000  "  11,000  =  27  ** 

**   11,000  "  15,000  =  48  ** 

«   15,000  **  20,000  =  29  ** 

"   20,000  "  80,000  =  14  *• 

"   80,000  **  40,000=  4  ** 

Total  185  " 

The  number  of  those  showing  leucocytosis  is  slightly  greater  than 
those  without  it,  probably  because  incipient  cases  rarely  think  them- 
selves sick  enough  to  come  to  a  hospital.  On  the  other  hand,  some 
of  the  cases  which  appear  to  have  l)een  going  on  for  months  have 
normal  leucocyte  counts.  The  duration  is  less  important  than  the 
nature  and  severity  of  the  process.  It  is  rare  to  see  extensive  signs 
in  the  lungs  without  leucocytosis — fibroid  phthisis  excepted 

Qualitative  Changes  in  the   White  Cells 

1.  Many  cases  show  none  at  all. 

2.  When  the  leucocyte  count  is  normal  we  may  find  an  increased 
percentage  of  large  and  small  lymphocytes,  such  as  is  commonly 
found  in  any  bloo<l  poor  in  nutritive  qualities  (see  page  89) 

3.  When  leucocytosis  is  present,  we  usually  find  the  ordinary 
marked  increase  in  the  percentage  of  polymorphonuclear  cells  at 
the  expense  of  the  lymphocytes. 

For  example:  C.  D ,  male,  thirty- two  years  old.     Tul^ercu- 

losis  of  lungs,  with  cavities;  leucocytes,  17,580.     Differential  count 
of  1,000  cells  shows: 

Per  cent 

Polymorphonuclear 88  4 

Lymphocytes  (small) 8  2 

Large  lymphocytes  (large  and  transitional) 8.4 

Eosinophiles 0  0 

4.  Eosinophiles  are  increased  during  the  reaction  from  an  injec- 
tion of  tuberculin,  and  also  in  some  cases  with  cavities  in  which 
possibly  the  individual  inoculates  himself  with  tul)erculin  manufact- 
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ored  in  the  carities  of  hU  own  longs.     In  mort 
vitL  leooocytosiB  they  are  absent. 

5.  Mjeloeytes  were  found  by  Holmes,  W.  B.  May,  ud  myself 
in  many  cases  of  advanced  phthisis.     They  avenged  0.3  per  eent. 

Otkrr  Change$. 

Xensser  and  his  followers  have  ad^'anced  a  theory' that  the  ooenr- 
rence  of  ijerinuclear  Insophilia  '  during  tabercolosis  is  a  faronUe 
sign  and  marks  a  system  capable  of  resisting  the  tubeicaloiis  infec- 
tion     Ttie  researches  of  Futcher  and  my  own  attempts  to  verify 

Xeusser's  theory  liave  not  confirmed  his  findings. 

Holmes,  of  iH-nver,  has  studied  the  leucocytes  in  phthisis  with 
great  care  and  considers  that  he  finds  therein  means  not  only  of 
diagnosing  tuberculosis  by  the  blood  alone,  but  of  measuring  the 
degree  of  advancement  of  the  process  and  the  amount  of  resisting 
power  in  the  patient. 

I  have  carefully  followed  out  Holmes'  procedures  with  stains 
seen  and  approved  by  him.  I  can  verify  most  of  his  statements  of 
fact,  but  some  of  the  inferences  which  he  draws  therefrom  are,  I 
think,  wholly  unwarranted  The  blood  changes  in  pulmonary  tu- 
lien;uloHiH  are  mainly  Huch  as  he  describes,  but  they  have  no  diag- 
iioHti(;  value,  as  similar  changes  are  found  in  a  great  variety  of  other 
diHea»<;d  ('(^nilitions.  The  increase  of  i>olymorphonuclear  forms  in 
advanced  (;ases,  the,  increased  amount  of  "d^ris,"  the  degenerating 
forms,  etc  ,  are  all  characteristic  not  of  tuberculosis  alone,  but  of 
any  severe  suj)purative  i)r(x*ess  The  increase  of  "  debris '*  is  prol)a- 
bly  the  same  datum  which  Watkins  interpreted  as  an  increase  in 
blood  j)lat<»s  and  Goldl>crj^t»r  and  Weiss  as  **  extracellular  glycogen." 
(With  Holmes' "undeveloped  nuclei"  in  the  leucocytes,  compare 
page  102  ) 

n.  HONK  TrBEHCULOSIS. 

Brown^  has  studied  seventy-two  cases,  Dane  *  forty-one.  Dane's 
study  of  the  bhxKl  in  forty-one  cases  of  hip  disease  and  Pott's  dis- 
ease is  a  very  careful  one.  Whenever  abscesses  appeared  in  con- 
nection with  the  <liscast',  cultures  were  taken  when  the  abscess  was 
iirst  oj)ened  an<l  a^'ain  later  on,  and  the  coincidence  of  low  counts 

'  Se<!  Appendix. 

*Tninsjicti(ms  of  Californm  Medical  Society,  1897. 

'  Boston  Medical  anil  Surgical  Journal,  May  28th,  1896. 
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with  absence  of  pyogenic  cocci  ami  with  high  couiita  of  secomlary 
pyogenic  infection  is  very  notable.  Dane's  oonclusiuus  ate  as 
follows. 

1.  "  Higli  leucocyte  counts,  especially  in  hip  disease,  point  to 
the  proUiliility  tlint  tliei-e  is,  or  soon  will  be,  at)sces8  formation; 
bnt  low  counts  do  not  pi-ecliide  the  presence  of  abscess,  esiiecially 
iu  long-standing  cases. 

2.  "  If  abscess  is  present,  a  low  count  of  white  cells  indicates 
the  absen<-e  of  st-ooudary  pyogenin  infection  (proved  by  cultures). 

3,  "Cases  of  tiauniatic  origin  are  generally  occorapanied  by  a 
high  leucocyte  count, 

4,  "  The  leucocyte  count  U'ars  no  direct  relation  to  the  tempera- 
ture; one  case  witli  30,980  leucocytes  (five-year-old  girl)  showed  a 
temperature  of  only  9H.4°  at  the  time  of  the  count.  In  another 
girl  of  three  years  whose  temperature  ranged  between  101"  and 
104°,  the  leucocytes  were  only  7,224,  or  subnormal  for  that  age 
(pit/e  itifra,  page  512). 

6.  "  Cases  where  at  the  primary  operation  the  pus  proved  sterile 
show  an  increase  in  the  leucocyte  count  when  the.  wouud  becomes 
infected  with  jiyogenic  organisms"  (as  it  always  does). 

6.  "The  red  cells  are  rarely  diminished,  but  the  hietnoglobin  is 
usually  relatively  low  (mild  secondary  aneemia  in  these  cases) 
This  absence  of  a  diminution  in  the  red  cells  in  these  cases  is  the 
more  remarkable  because  they  were  almost  all  in  young  children 
whose  blood  is  much  more  sensitive  to  any  deleterious  influence  than 
that  of  adults  " 

Brown  dissents  from  several  of  Dane's  conclusions.  He  thinks 
that  a  case  may  go  on  to  abscess  formation  without  any  increase  in 
the  leucocyte  count  When  an  increase  doeg  take  place,  he  thinks  it 
due  either  to  a  secoudai-y  infection  or  to  an  increased  activity  of  the 
tuberculous  pi-oceas  itself  without  any  secondary  infection.  The 
latter  process,  however,  in  Brown's  experience  causes  only  a  moder- 
ate increase  (2,000-3,000),  while  if  a  marked  increase  suddenly  or 
gradually  ocz-urs  he  thinks  it  "  most  significant  of  secondary  infec- 
tion." With  Dane's  fifth  conclusion  he  wholly  agrees  and  adds: 
"  After  the  infection  (produced  by  the  operatiou)  the  leucocytosis  is 
very  high  for  a  time,  and  if  the  sepsis  is  acute  and  threatens  life,  it 
remains  high  until  the  crisis  is  passed,"  Otherwise  it  gradually 
falla  after  the  first  few  days,  and  if  the  patient  progresses  well,  it 
disappears.     If  the   pyogenic  matter  overcomes  the  recuperative 
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])Ower,  'iioocyteM  fall  as  in  perjuiiite  pneumonia  or  peritonitis. 

Ill  such         I  tlie  atiiemia  increases  as  well. 

QiKiUtative  Changes. 

(n)  As  ill  other  forms  of  tuberculosis  Chei-e  may  be  none  at  all. 

(/ij  The  cell-changes  in  purely  tuberculous  cases  are  illustrated 

well  by  Case  17  of  Dane's  series,  a  boy  of  seven  whose  blood  on  the 

dfly  of  operation  for  hip  diseaae  with  large  abscess  showed  8,932 

icocytes      The  differential  count  was  as  follows: 

Per  cent. 

Polymorphonuclear  Dcutrophilee. ,  40 

Small  lymphocytes.,,.. 49 

I^rge  lymphocytes  and  trsDsltiomd  fonns '. .  B 

Eosiuopbiles 8 

Eight  ounces  of  pus  were  evacuated,  in  which  cultures  showed 
the  absence  of  pyogenic  orgaiiisins 

This  case  demonstrates  that  some  cases  of  tuliercuioufl  suppura- 
tion have  no  tendency  to  produce  leucocytosis  or  to  increase  in  the 
neutrophiles,  but  influence  the  blood  only  by  producing  what  might 
be  termed  a  functional  debility  of  the  blood  through  lack  of  nutri- 
tive substances  in  the  plasma  This  condition  is  by  no  means  pecul- 
iar to  tuliercnlosis,  Init  occurs  iu  a  great  variety  of  debilitated  or 
cachectic  conditions,  as  already  stated 

(t)  But  when  a  septicsemia  complicates  the  tuberculosis,  cell 
metamorphosis  appears  to  l>e  accelerated,  and  we  get  with  the 
quantitative  increase  of  leucocytes  sucli  qualitative  changes  as  the 
following : 

Percent 

Polymorphonuclear  nt'Utrophiles 84 

Lymphocytes  (.small) » 

Lymphocytes  (large  and  transitional). 6 

EosiDopliiles 1 

This  was  a  case  (No.  33  of  Dane's  series)  in  which  the  abscess, 
sterile  when  first  opened,  had  become  inoculated  with  the  staphylo- 
coccus aureus. 

(d)  Kot  every  case  with  leucocytosis  shows  qualitative  changes 
as  the  above.  One  of  Dane's  cases  (No.  22,  a  boy  of  seven)  showed 
a  leucocytosis  of  23,387,  but  only  sixty  per  cent  of  these  were  poly- 
morphonuclear and  two  per  cent  eosinophiles. 

In  a  case  recorded  by  Dane  (No   32),  tultemilous  o$teomyeliti» 
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showed  6,083  white  cells  (subnuMiiiil,  as  the  child  was  only  two 
years  old)  with  sixty-four  per  cent  of  poly luorphonucl ear  cells. 
The  pus  from  the  bone  cavity  showed  no  pyogenic  organisms  on  cul- 
ture. Ordinary  septic  osteomyelitis  gives  very  different  results  (see 
page  265).  Dane's  cases  were  almost  exclusively  hip  and  spinal 
affections. 

The  following  cases  from  the  Massachusetts  General  Hospital 
records  illustrate  tuberculosis  of  other  boues : 

Table  XXXV. 


Que. 

DiMgixmiM. 

Bed  cells. 

www 

hipiii.>. 
(Tlohln, 

1 

8,473,000 
a.704,000 
4,660.000 

8,016,000 

0.400 

6.000 
6,500 

5,800 

OS 

8 

MetAtarsnl  tuberculoBiB 

61 

in.    ACUTE  MILIARY   TCBERCrLOSIS. 

Probably  there  are  no  important  changes  in  the  red  cells  or  hte* 
moglobin.  The  number  of  cases  on  record  is  too  small  to  enable 
me  to  apeak  positively  on  this  point,  but  the  acuteness  of  the  dis- 
ease would  lead  us  to  expect  the  normal  or  approximately  normal 
conditions  recorded  in  the  few  published  cases. 

About  the  leucocytes  we  know  more 


Quantitative  Changi'*  in  thr  Lfucoc^ts.  \ 

There  were  normal  or  subnormal  comits  in  two-thirds  of  my 
cases.  Sometimes  the  count  is  raised  by  a  complicating  pyogenic 
infection  or  by  an  extensive  involvement  of  the  meninges.  In  other 
cases  the  cause  of  the  leucocytosis  is  obscure. 

Warthiii '  reports  a  case  with  autopsy  in  which  he  made  over 
thirty  counts  of  the  white  corpuscles,  verifying  the  more  remark- 
able results  by  repetition  Autopsy  showed,  besides  miliary 
tuberculosis,  a  cavity  in  the  lower  lobe  of  the  right  lung  and  a 
suppurating  focus  about  the  seminal  vesicles  containing  four 
ounces  of  pus  rich  in  tubercle   bacilli.     Whether  pyogenic   organ- 

'  Medical  News.  1895 
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isms  were  also  present  is  not  stated     The  leucocyte  counts  wexe 

as  follows : 

Table  XXXVI. 


DV. 

Hoyr. 

LenoD- 
cjTtet. 

Bematto. 

December  6th 

10  A.M. 

8.600 

.. 

12th 

8  a.m. 

5,000 

18th 

5  p.m. 

8,600 

32d 

10  a.m. 

5.625 

22d 

11  80  a.m. 

4,725 

22d 

8  p.m. 

5,000 

22d 

5  p.m. 

8,125 

24th 

8:80  a.m. 

8.750 

24th 

11.80  a.m. 

8.750 

24th 

2  p.m. 

2.500 

• 

24th 

4:80  p.m. 

2.500 

25th 

8  a.m. 

1.875 

28th 

5-80FM. 

8.750 

Red  cells,  4,125,000;   haemoglobin,  90% 

••        2»th 

10  a.m. 

1.350 

29th 

2  p.m. 

1.250 

29th 

5:80  p.m. 

8.750 

8l8t 

12  m. 

1.250 

8l8t 

6  p.m. 

2.500 

January  2d 

11  A.M. 

1.250 

2d 

5  p.m. 

2.500 

8d 

2:80  p.m. 

600 

Severe  chill.     Count   repeated   several 
times. 

5th 

8:80  A.M. 

8.750 

5th 

11  A.M. 

8.187 

5th 

4  P.M. 

8.120 

Moribund. 

6th 

9  A.M. 

10,000 

6th 

10  A.M. 

5,625 

6th 

11  A.M. 

2.5(K) 

6th 

12  M. 

5.625 

6th 

12:50  p.m. 

Death. 

Ill  another  case  he  found  also  a  subnormal  count.  Rieder  found 
normal  counts  in  two  cases.  Von  Limbeck  states  that  the  leuco- 
cytes are  normal,  but  gives  no  counts. 

The  following  cases  from  the  Massachusetts  General  Hospital 
records  illustrate  these  points : 


TABLE  XXXVII.— Acute  Miliary  Tuberculosis. 


28 


M.    2,448,000 


White      I'ermit 

cells.     I  »"»^j;]*»- 
glubin. 


550 
1,200 
7,100 


a^ 


Remarks. 


March  8th. 
March  11th. 

March  11th,  gave  protonuclein  gr.  xv. 
t.i.d 
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TABLE  XXXVII.— AcDTB  3IiLtARr  Tubehcdlosib  (Contirtvid). 


i 

Sei. 

iledcfiu. 

IVhltB 

ivrwul 

Rem  irks. 

2 

ROblltl, 

March  18tli.  differenliiil  count: 

LrmphocylCT  (»n.Hlll.  IS      ■' 

LVmphorJ^a  (IMW).     8      ;; 

1.800 

Maroh  14tb,  glHiids  rapidly  dimiuUb- 

iDg. 
March  m\i.  died.    Autopsy. 

8.296,000 

8.000 

48 

1 

4,424.000 

2.200 

2,200 
4.700 

T.lOO 

65 

August  2O1I1. 
August  25lh. 
AiiguHt  27tb, 
AuffUBt  29ih.    Autopsj. 

24 

8,800 
8.000 
4,400 
S.100 

Fiilt  day. 
Third  day. 
Math  day. 
Twelfth  day. 

8.12 

F. 

8.500 

90 

4  ItJ 

M. 

8,600 

Antopay. 

5  40 

SI. 

8,7n<l 

Autopsy. 

0  40 

4,000 

7  14 

¥. 

a!  726,000 

4.400 

45 

Autopsy, 

8  38 

4.800 
8,400 

First  wiek. 
Sixth  week. 

9  HI 

JI. 

4,064,000 

4,SO0 

Autopsy,    Chronic  phthisis  also 

III  28 ,  M. 

4,900 

Ill  14    .. 

6,400 

OS 

13  W    P. 

n,400 
7,400 

SO 

8epU'iiib(T21at 

September  24lh.     No  Benim  reaction. 

18  29  i  M. 

5,600 

M 

Autopsy,     No  aerum  reaction. 

U  12 

F. 

8,100 

Autopsy. 

15  19 

F. 

6,600 

Autflpsy. 

16  .^0 

i 

6,t<00 
H,20U 

2\.m) 

First  day. 
Ninth  day. 
Day  of  death. 

IT' 37 

F. 

1,500 

71 

Autopsy. 

18  1» 

T,«0<i 
y,«oo 

First  day. 

Fourth  day.     Ninth,  death. 

19  38 

M. 

7,600 

Healed  plitliisis  also.     Autopsy. 

ai80 

i;784,'l»0 

7,000 

70 

Januarv  20th.  diilereotial  count: 

E.flluni)bUa.              I        " 

e,20o 

T,21KI 

January  291  h. 

January  81st.     Autopsy. 

May  I4ih. 

ati 

F. 

7,MI0 

7,21'" 

May  2ai,  death.     Autopsy. 

29 

7.(Hi(i 

160 

September  20th. 

22 

8.1 

a;92(i,(KH 

l-!l«Hl 

4fl 

NovwiilK-r  I21I1.    Autopsy. 

as 

22 

H,I|IHI 

7.i 

meiiiiigills 

24  811     .. 

4..'>iKI,(N)l 

H.WKI 

,12 

23 

24 

9,100 

83 

August  24ih 
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TABLE  XZXVn.— AcuTB  Uiliart  Tt;BEBCDLoan  (OmtfiNMi). 


" 

S 

ws«e 

Per«DI 

i 

Slotdn. 

14.000 

\iiKusi  8Stb. 

\uxuBt  aetiL 

kugusi  88th. 

g.ooo 

August  81st. 

uo 

9.860 
0.450 

April  18th. 

April  SOtli.    Autopsy- 

m 

in 

10.000 

* 

m 

12,800 

Autopsy. 

« 

n 

M 

18.700 

Phthiais  also.     Autopn'. 

so 

w 

18.200 
20,000 
80.800 
20,900 
34.700 

80 

March  15lh. 
March  leth. 
March  17th. 
Harcb  l»th. 

March   20th.  Autopsy.     Tubetculoiu 
meningitis. 

Autopsy. 

m 

ao 

19,800 
80.300 
88.000 
3S.S00 
87,000 

88 

October  29lh, 
October  81  Bt. 
Sovember  let. 
November  8(1. 

fu 

44 

80,000 

90 

Oealh. 

S5 
86 

78 
14 

8.41«,000 

88,000 
80.000 

S9 

DlHtrenllBl  count  1.000  oelU: 
PolniurlHir.   Klperwnt 

BSS'i   ■■•■ 

CompUcatwl Villi  ili|.htheria. 

Autopsy. 

Case  1  of  the  above  table  is  a  stiikiiig  example  of  the  remark- 
ably low  leueocyte  count  sometimes  seen  in  this  disease  The  counts 
were  carefully  verified  by  several  liompeteiit  observers. 

QuaJ  it'll  Ire  Chatiffi-s 
In  Waitbin's  case  above  quot4?d,  ho  leiieatedly  made  differential 
counts  of  the  leucocytes  by  Ehrlioh's  metliods,  witli  this  averts 
result : 

Poly  111  orpl  ion  uclear  neutrophilcs 91. 4S  per  cent. 

Lym  pill  icy  tcs  (small) 3.52       ^ 

Lymphocytes  {large  and  transitional) 3.00       " 

Kosinophilea 1.00       " 

Myelocytes 2,00       ■* 

The  differential  counts  made  in  four  of  my  cases  showed  no  con- 
stant perceiikiges. 
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rV.  TlBERtiCLOSlS  OP  SEROUS  MEMBRANES. 

1.    TUBEBCULOUS  PERITONITIS. 

The  blood  condition  is  exactly  as  in  other  forms  of  tuberculosis, 
except  in  bo  far  as  it  Is  modified  by  the  drain  exerted  on  the  blooil 
by  diarvhcea  or  by  transudation  or  exudation  into  the  peritoneal 
cavity.  Such  events  concenti-ate  the  blood  by  withdrawing  water 
and  albumin  from  it  and  may  give  us  a.  normal  number  of  red  cells 
per  cubic  milUmetre,  when  in  reality  a  considerable  ansmia  is  pres- 
ent. As  a  rule,  the  blood  shows  a  mild  secondary  anssmia  without 
leucocytoais  or  with  leueopenia.  This  is  exemplified  in  the  follow- 
ing table  from  the  Massachusetts  General  Hospital  I'ecordfl: 

TiBLK  XXXVIII. 


i 

1 

^. 

Kedwiu^ 

rein. 

rerwDt 

tlffinio- 
BloWa. 

»..„>., 

se 

F. 

3,130,000 

2.240 

58 

i 

3S 

awxi 

8 

88 

'¥.' 

3.96o,'0<IO 

8.800 

48 

4 

U 

M. 

5,800,000 

8,800 

.laouary  Otii.  I))96. 

5.760,000 

5,600 

85 

April  lati],  IB96. 

( 

2R 

F. 

8.  BOO 

Tuberculous  tube. 

ai 

M. 

4,400 

', 

an 

4.700 

53 

9 

ai 

8!884.'l>0b 

4.800 

48 

9 

27 

mV 

4,900 
Q.liOO 

64 

March  lat. 
March  fllli. 

10 

48 

M. 

B,0(IO 

Decembt-r  18th,  1895. 

i^Mo.'ooo 

8,250 

76 

Janiiarj-  10th.  1895. 

11 

SO 

P. 

5.180 

Tuberculous  lube. 

12 

20 

F. 

ii'.mlm) 

.5,400 

18 

5.400 

14 

44 

mV 

3;974,'000 

o..'.30 

Plfuritic  effusion  oUo. 

IS 

24 

5.600 

16 

34 

5,600 

17 

16 

F. 

8!846.'oob 

6,000 

18 

88 

F. 

4.000,000 

6.000 

J 

ID 

87 

6.2O0 

5,400 

1 

J 

90 

6,008,000 

6.200 

45 

1 

ai 

80 

'p.' 

0,240,000 

6.400 

1 

aa 

18 

6.400 

55 

28 

87 

ii.' 

6,700 

May  28d,  1898. 

24 

8!m3,'o00 

6.800 

45 

Si 

80 

a 

5,660.000 

6,800 

a« 

IS 

... 

fl.  lis.  000 

6,900 

70 

Polynuclew.44perccQt; 
49  per  cent ,  eosinoplii 

lymphocyleB, 
es.  7  per  cent 

« 

44 

p. 

7.000 

78 

38 

IB 

7.800 

39 

87 

4;668,(X)0 

7.800 

5a 

April  18th. 
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Table  XXXVUL  (OnUiimed^ 


i 

i 

Bex. 

BadeeUi. 

White 
oelta. 

Fereent 
bsiiio- 

B»»ki. 

V 

^ 

IKloWll. 

4.616.0U0 

•  •  • . 

60 

April  80th. 

4.050.000 

.  •  ■ . 

50 

May  5th. 

• 

8.880.000 

.  •  •  • 

58 

May  10th. 

8,960.000 

.  •  • 

47 

May  80th. 

80 

16 
10 

7.400 
7.400 

70 

81 

•    ft    S    ft 

•  ft  • 

.!!!.!!! 

82 

88 

•  •  •  « 

>•«-•«• 

6.800 

88  96 

M 

4.868.000 

7.400 

45 

84  m 

7.900 

80 

81 

•  ft  •  • 
•  •  • 

••••... 

8.000 

86 

17 

M. 

4.904.000 

8.000 

75 

87 

48 

•  •  • . 

•  • •  •   ... 

8.000 

60 

8B 

88 

F. 

... . .  •  • 

8.800 

89 

80 

F. 

4.800.000 

8.000 

58 

Tuberculous  tube. 

40 

88 

F. 

8.400.000 

8,600 

80 

41 

16 

8.700 
7.600 

Fint  day. 
Thirtieth  day. 

«i* 

48 

10 

9,800 

48 

19 

•  • . 

•  •      «  •  • 

9.800 

44 

00 

F. 

4.600,000 

10.000 

60 

45 

41 

M. 

0,800.000 

10.000 

46 

80 

.... 

•  •  •      •  • 

10.800 

47 

88 

F. 

4.816.000 

11,200 

48^7 

•  •  «  • 

•  •       «  •  •  • 

11.800 

49  21 

F. 

8.555.000 

11.500 

65 

50.  19 

•  •  •  • 

*••■*•*. 

11.600 

65 

51 

87 

■  •  •  • 

•  •  •       •  •  • 

12.400 

52 

5 

-  •  ■  • 

4.472,000 

14.200 

50 

58 

19 

'  •  •  • 

14,500 

54 

15 
19 

14,600 
16,000 
14.000 

80 

•  • 

March  24th. 
March  26th. 

55 

56 

16 

•  •  •  • 

16,100 

•  • 

First  day. 

14,200 

. . 

Sixth  day. 
Eighth  day. 
Pelvic  abscess  also. 

11,000 

• . 

57 

27 

P. 

16,900 

78 

18,800 

58 

6 

•  •  •  • 

4,576,000 

18,000 
31,900 

63 

•      • 

Intestines  perforated. 

Ninth  day,  after  two  dry  taps. 

18,500 

45 

Thirteenth  day,  pus  and  fteces 
through  tap  holes. 

coming 

22,900 

•  • 

Seventy -eighth  day.     Autopsy. 

59 

11 

•     •    a 

18,200 

60 

60 

16 

18,600 

85 

I  know  of  few  differential  counts  of  leucocytes  in  tuberculous 
peritonitis. 
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2.  Tuberculous  Meningitis. 

Remarkably  few  counts  are  on  record  so  far  as  I  can  ascertain. 
Von  Limbeck  gives  but  a  single  case  (with  autopsy).  Four  counts, 
the  last  on  the  day  of  death,  showed  the  following: 

May  22d.    1889:  Leucocytes 8.000 

•*    23d.    1889.  -*  8,000 

'*    24th,  1889 .  "  6.000 

**     26tb.  1889:  "  7.500 

Rieder  records  two  cases,  in  one  of  which  the  leucocytes  were 
"normal  or  subnormal,  in  the  other  increased."  In  both  diagnosis 
was  confirmed  by  autopsy.  The  counts  in  these  cases  were  as  fol- 
lows: 

Case     L  —February  26tli,  1891  •  Leucocytes 7,800 

March  2d,  1891 :  Leucocytes 5,900 

Case  IL— May  80th,  1891 :  Leucocytes 14,400 

TUrck  studied  three  cases,  all  showing  more  or  less  leucocytosis 
(9,600  with  90  per  cent  polynuclears  and  no  eosinophiles,  17,100 
and  18,100  with  83  per  cent  polynuclears  and  no  eosinophiles,  20,800 
with  86  per  cent  polynuclears  and  no  eosinophiles).  Blood  plates 
and  fibrin  were  not  increased. 

Pick  saw  two  cases : 

Case  L— February  28th,  1890:  Leucocytes 6,500 

March  5th.  1890 .  leucocytes 8.000 

In  the  second  ease  there  was  also  no  leucocytosis.  Autopsy  in 
both.  Sorensen's  '  two  cases  showed  respectively  8,300  and  9,400 
leucocytes.     My  own  results  in  forty-three  cases  are  as  follows : 


Table  XXXIX.— Tuberculous  Meningitis. 


I 
V     Age. 

2 


1 


2 
3 


9  mos. 


2 

1 


Re<l  cells. 


White 
cells. 


52.000 
31,000 

29.9(M) 
29.000 
51,000 


Percent 
beemo- 
fflobin. 


Remarks. 


i 


0 


70 


April  80th. 
May  3d. 
Death,  May  5ih. 

February  21st. 

February  26th.    Autopsy. 


'  Cited  by  Rieder. 
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Table  XXXI X 

-TlUEF 

rrLors 

Mbswoiti*  {QmUnma).              * 

An. 

s... 

Bad  cell*. 

White 

in.*in. 

Buwto. 

4 

a* 

M. 

28,000 

s4,aou 

88 

July  Stb. 

JulylKh,    Autopay. 

5 

9  mas. 
2 

37,001) 
23.000 

6 

F. 

UaySOtfa, 

33.800 

alwi, 
Junt  eili. 

82.800 

27,800 

Jun<'  lOUi. 

a«,floo 

Junt^  12th. 

IB,  500 

Junt  14th. 

21,000 

juu«  leib. 

II»,800 

June  IStfa. 

7 

11 

34,HO0 
83,700 
82.800 

Pinit  day, 
Thinl  day. 
fifth  dny.     Death. 
AuguBt  ^th. 

B 

S 

M.OOO 

IT.IMHI 

Au(fiiiit  80th. 

Brout^huunetiniuuiu.     Deutlt. 

a 

e 

23.400 

80 

IhgiUi. 

84 

M. 

ai.fioo 

Autopsy. 

8 

20.400 

1.  .OnKW. 

1B.500 

18 

Omm. 

17.000 
16  400 

Tcmpcmturo  108°  F.,  am  day. 

Di-utb.  fifth  day. 

se.fflW 

in 

8 
8 

ir.,(M)o 

IG,400 

05 

16 

17 

S8 

15,800 

20,000 

9(J 

Ofceniber  Ist. 

Dt-cember  M. 

41.000 

D«*iuber  4th. 
E>eoember5lb.     Deuth. 

18 

18 

IB.OSO 
20,500 

3S,000 

80 

Fchruttr>-  Olh. 
February  21st. 
February  aSd.     Death, 

1« 

80 

M. 

14.700 

m" 

Pleurisy  also. 

20 

sa 

M. 

14,400 

JaDuan-  25i!i. 

ie.40o 

January  30th. 

18.300 

F.-hniary  ad, 

Ilt,800 

February  flih.     Autopsy. 

91 

6 

14,000 

First  dsy. 

18,000 

Fifth  dav. 

S9 

6 

18,900 
21,400 

First  dav. 

Fourth  ;iay.  t.- 111  pera lure  102'  i. 

17,400 

Teulh  day. 

ss 

46 
It 

13.000 

18,500 

80 

Death. 

24 

April  8d. 

11.800 

April  18th. 

12.200 

April  20th. 

as 

fl 

18.400 

■75 

Dentil. 

26 

8 

".'.'. 

18.100 

27 

W 

13.200 

05 

November  5lh. 

16.200 

. 

November  7th, 
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Table  XXXIX. —Tuberculous  Meningitis  (Continued). 


Age. 


28 
29 


12 
8 


80       2i 

31 1  85 

82  18 

Oi^i  .... 


841     10 

35  lOmos.!. . . 

86     22 


Sex. 

Red  cells. 

•   •   • 

■   •  • 

•  • 

•   •        •    •    •    • 

White 
cells. 


Per  cent 
hsemo- 
glohln. 


37 
38 
39 
40 

41 
42 


80 

45 

5 

40 


24 
20 


M. 


43     81 


F.  I  4.590,000; 
...I  4.792,000 


16,700 
14,000 

12.000 

11,500 

11,900 

11.000 

10,800 

10.500 

10,000 

11,000 

9.400 

9.200 

8.200 

13,800 

8,100 

8.000 

7.500 

7.000 

10.000 

6,600 

6.100 

6.200 

6,800 

2,000 

8.200 

2,6(K) 

29,300 


65 

80 


90 


•  ■   •  • 


86 
50 


70 


•  •  •  • 


Remarks. 


November  10th. 
November  12th. 
November  18th.     Death. 

First  day 
Fourth  day. 
Death. 

Temperature  107'  F.     Death. 
First  day. 
Fourth  day. 
Death. 

First  day. 
Seventh  day. 


First  day. 
Fourth  day. 

November  28th. 

November  80th. 

December  8d. 

December  6th.     Death. 

May  29th. 

May  81st. 

June  5th. 

June  10th. 

June  12th.     Death. 


In  thirty- two  of  my  forty-three  cases  there  was  leucocytosis, 
sometimes  very  marked. 

Hoagland,  of  Colorado  Springs,  found  in  four  cases  the  follow- 
ing: 


Case. 


1 
2 
3 
4 


Agi* 


8 
o 

4 
3 


No.  <»f  (lays 
before  deatb. 


10 

14 
IH 

12 


White  cells. 


18,000 
28,0(M) 
16,000 
29,000 


Percent 

Percent 

Per  cent  ' 

poly- 

Ijrmptio- 

eosino- 

nuclears. 

cyten. 

pbUes. 

87 

12.5 

0.5 

90 

9.0 

1.0 

88 

16.7 

.8 

82 

17.0 

.5 

Per  cent 
myelo- 
cytes. 


0.0 

0  0 

0.0 

.5 


The  red  cells  and  haemoglobin  show,  as  a  rule,  but  slight  changes, 

as  is  so  often  found  in  other  forms  of  tuberculosis.     The  absence 
20 
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:a.ie  ill  fibrin  is,  Turclc  tliirika,  of  some  diagQO§tic  value 
g  otiier  types  of  ini'iiiuKitis. 

I  therefore  that  pui'i>  tuberculous  meuingitis  differs  mark- 

}theT  pure  tuberculous  processvs,  in  tlmt  it  lia»  a  strong 

J  Ui  raise  the  leucocyte  count.     Osier's  results  point  to  the 

•  •iiclusiou. '     Zieinke '  has  receutly  reported  a  c&so  vith  17,500 

B  per  cubic  millimetre. 

3.  TuBKKCULOus  Fericasditis. 

case  iu  which  tubei-cle  bacilli  were  repeatedly  deinoii> 
a  >»  the  fluid  obtaiued  by  tJipping  the  pericardial  sac  I  found 
icocyt^isis  The  counts  in  two  others  are  shown  iu  the  aecom- 
ing  table.  I  have  not  met  with  auy  other  reports  on  th«  blood 
s  noudition. 


Age. 

8ex. 

KM  Mill. 

WtUlsMlU. 

PMrpeni 

b™«u. 

'i.-m'.m 

6,300 

7,000 

60 

4.  TuBEKCULous  Pleuribt. 

No  doubt  a  large  proportion  of  all  pleuritic  effusions  are  tuber- 
culous iu  origin;  and,  so  far  as  I  have  seeu,  no  high  counts  are  re- 
corded in  cases  proved  by  culture  or  inoculation  to  be  tuberculous. 
The  low  leucocyte  counts  in  most  pleurisies  (see  page  276)  tend 
to  show  that  they  are  tuberculous  and  not  due  to  pyogenic  organ- 
isms. 

Pick  mentions  that  he  finds  no  leueoeytoBis  in  tuberculous  pleu- 
risy when  uncomplicated  by  phthisis,  but  reports  no  actual  couuts. 


5.   Glandular  Tuberculosis. 

Ill  cases  of  so-called  scrofulous  glands,  whether  in  children  or 
adults,  the  blood  shows  no  important  changes  except  that  in  chil- 
dren the  hsemoglobin  may  be  considerably  diminished. 

'"Text-book  of  Medicine,"  3(1  edition. 
'Dent,  mcd   Woch.,  April  8tli,  1887, 
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Olj.nddi.ui  TuBKHCCLoeiB. 


No. 

Aft. 

Bex. 

Whltaealli. 

-XTio. 

SO 
28 

7 

F. 
U. 
F. 

5,800 
lO.MO 
11,000 

8.                          .      .               ... 

Leucocytosis  is  absent  unless  an  abscess  baa  been  opened  and 
infected.  Whether  or  not  tuberculosis  of  the  abdominal  or  other 
intenial  lymph  glands  affects  the  blood,  I  am  unable  to  say. 


6,  Ge 


J-UkINABT  TlTBERCCLOSIB. 


Here  the  opportunities  for  a  secondary  pyogenic  infection  are  so 
good  that  in  about  one-fourtli  of  the  cases  we  find  the  blood  of  sep- 
ticaemia present.  The  following  cases,  all  involving  the  bladder, 
kidney,  and  the  external  genitals,  illustrate  this  point: 

Table  XL. 


20,800 
30.31)0 
21,800 


25.fi00 
28.000 

28,000 
26,000 


Decpinbor  Olli,  Ren  mnbilis; 

berrulous  laryngiUa. 
December  10th. 
December  15th. 
August  6th. 
August  10th. 
August  nth. 
August  18th. 
Auguit  ITth. 
August  19[b. 
August  21st. 
August  24th. 
August  28tb,  death. 


U.irri  I 
12,0011 
II.IHN) 
10,400  I 
1U.400 
14.4S2  I 
111.4(10 

11.300 


le:  kidney  operated. 


T  B.  of  right  kidney  wiih  pleu 

risv .  .^larch  18th. 
Mnrc*)!  2nth. 
April  9th. 
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Table  XL.  {Cm 

VmMd). 

■o- 

ABts 

Bei.      B«latU>. 

wniip 

frtobUi. 

Remutat. 

18 
18 
1« 
10 
U 
17 
U 
IB 
M 
41 

IS 

27 

43 

y 

M. 

8.880.000 

S.634.000 
8.492,000 
8.713.000 
S.»S6,000 

8.'8be,6M 

11,300 

7.500 

io.260 
10,100 
10.100 
9,700 
9,400 
9.8O0 
9,U00 
8,800 
8,500 

b:*oo 

7.800 
7.600 

i.m) 
7.400 

fi.Oll't 
7.1)0(1 
H.70ft 
H.DfNI 

40 

48 
8S 
43 

47 

70 

r, 

m 

90 

or 

irio 
00 

AprU  lath,  aUtereD^doouat:  Pol- 
vnuclcar,  87.8  per  cent;  Huall 
Ijrmpbocjrles.  7.4  percent:  lu^ 
lympUocvtcB,    8.8    per    ctat; 

AprtI  87th. 
Hkv  nth. 
Mbj  IBth. 
Maj-S8th. 

TMtirle  and  lung. 
Ki<lm-y.    D«th. 

DfcimlHT  l8ilL 
Jammry  Urii. 

SYPIIILIj;. 

Reis.1,  ill  ;iii  article  in  the  Arrliir  f.  Jh-rm'ifo/oifir  und  SifphU'm, 
1895,  Kt'ft  1,  says  that  the  geufiiil  cimrititutioiiiil  iiiftueiicu  of  the 
jHiison  (if  syiiliiliH  is  liest  iiidicTti'il  hy  the  eoiuiition  of  the  l)loo«l. 
In  one  huiulrt'd  eaues  lie  has  arrived  at  the  fallowing  oonclusious 
regarding  the 

7iV</  Ci-lh  omi  lf'i;„.„jM;„. 

During  the  time  hetweeii  the  ehaiiere  and  the  seooiidary  syinp- 
tonis,  the  red  i-ells  jiiv  slightly  deereased,  hut  this  is  much  moi-e 
marked  after  the  aiijiearaiiee  of  seeoudary  syiujitoms  and  continues 
for  a  time  even  after  Ireatment  has  l)ej;nii.  The  luenioglobin  Rinks 
st^-adily  from  (he  time  of  th<'  primary  le.siun  on,  tmt  is  not  espe- 
cially affeeted  hy  the  erii|ition.  Eveii  under  treatment  the  hi«ino- 
globiii  iirfi-r  gets  iptile  up  tii  normal  and  pndonged  mercurial  treat- 


ineut  towers  it,  although  mercury  has  at  first  a  lieiipficial  effect  on 
the  h»moglobui  as  well  as  ou  the  other  constituents  of  the  blood. 

Konried '  goes  furtlier  into  detail.  According  to  him,  in  tha 
first  four  to  seven  weeks  after  infection,  the  number  of  red  cells 
remains  normal,  but  the  luemoglobin  begins  to  fall  off,  losing  from 
t«n  to  twenty  per  cent  in  that  time.  Afterward  it  sinks  steadily 
until  treatnieut  is  begun,  the  number  of  corpuscles  also  fulling 
slightly. 

Newmann  and  Konried '  reporting  in  1893  ou  two  hundred  cases, 
say  that  up  to  the  time  of  the  secondary  symptoms  from  twenty-five 
to  thirty  per  cent  of  hemoglobin  is  generally  lost,  without  much 
change  in  the  red  cells,  which  sink  considerably  in  number  after 
the  outbreak  of  secondary  lesions.  Lezius '  likewise  finds  no  diminu- 
tion in  the  number  of  red  cells  until  the  outbreak  of  secondary 


Ewing  says :  "  With  the  outbreak  of  secondai-y  symptoms  the 
red  cells  begin  to  fall  rapidly,  reaching  in  untreated  cases  as  low  as 
2,000,000  or  less  (Konried).  In  ten  cases  Wil  bone  he  witch  found 
an  average  decrease  of  229,000  cells  daily.  At  the  same  time  the 
hcemogiobiu  continues  to  diminish  and  may  fall  to  55-35  per  oeut 
within  a  few  weeks  or  months." 

All  these  changes,  like  those  about  to  be  described,  are  apt  to  - 
be  more  marked  in  women  than  In  men.  In  cases  goiug  on  to  the 
secondary  stage  untreated,  the  heeuioglobin  may  sink  to  as  low  as 
twenty-five  per  cent.  In  the  tertiary  stages  and  in  hereditary  and 
so-called  " constitntional  syphilis  "  the  red  corpuscles  are  much  mote 
seriou-sly  affected,  diuiinishiug  considerably  in  number  as  well  as  in 
weight  and  color.  The  hereditary  syphilis  of  infancy  may  indeed 
produce  fatal  aneemia  aud  very  low  counts  are  common,  with  large 
numbers  of  nucleated  red  cells  and  great  deformities  in  shape  and 
size- 

The  effect  of  mercurial  treatment  on  the  red  cells  is  intei-esting. 
Gaillard'  found  that  the  count  of  red  cells  increased  during  the  first 
fourteen  days,  and  the  haemoglobin  during  the  first  twenty-four 
days  of  treatment.  After  that  time,  it  mercury  was  still  given,  the 
haemoglobin  iiud  later  the  number  of  corpuscles  began  to  decline. 

Konried  (lor.  rit.)  found  the  hemoglobin  to  rise  during  the  ad- 

'  IntematioDal  Dermalolo^ical  Congress.  1893. 
'  Wiener  klio.  Woch..  1883,  No    19. 
'  loaug-Disserl.,  Dorput.  1888.         '  Oaz.  de*  HOp.,  1885.  No.  T4. 
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ministratioii  of  the  first  twenty-five  to  thirty-five  innnetiops,  after 
which  it  began  to  go  down.  This  was  in  cases  in  whioh  treatment 
was  beg^un  just  after  the  onset  of  secondary  symptoma.  In  the 
worst  cases  it  sank  even  as  low  as  forty-five  per  cent  despite  treat- 
ment, and  this  usually  means  a  bad  prognosis  and  severe  tertiaiy 
symptoms  to  come.  In  one  of  my  own  cases  the  h»moglobin  was 
only  thirty-seven  per  cent,  though  the  red  cells  were  4,988,000 
(color  index,  0.37). 

Ewing  says :  ''  In  one  the  spleen  was  much  enlarged  and  con- 
tained, gummata,  while  the  blood  showed  the  lesion  of  grave  sec- 
ondary anaemia,  with  a  tendency  toward  the  microcytic  type  and  a 
low  haemoglobin  index.  In  other  cases  the  abundant  megalocytea 
with  increased  haemoglobin  closely  resembled  those  of  pernicious 
anaemia." 

Potassio  iodide  increases  the  red  cells  and  haemoglobin,  but  has 
no  special  effect  on  the  leucocytes. 

Cases  often  show  spontaneous  improvement  in  their  anaemia  as 
well  as  in  other  symptoms. 

Justus '  in  five  hundred  cases  claims  to  have  observed,  in  sev- 
enty to  eighty  per  cent  of  all  eases  of  syphilis,  a  peculiar  reaction 
of  thf  hffiinoglobiii,  which  does  not  occur  in  any  other  disease  and 
which  he  considers  of  ninch  diagnostic  vahie. 

According  to  him,  if  in  eases  in  which  secondary  symptoms 
have  not  yet  appeared,  we  test  the  htenioglobin  and  then  give  an 
inunction  or  a  siil)Cutaneous  injection  of  mercury,  we  find  that  with- 
in twenty- four  hours  a  very  marked  fall  in  htemoglobin  has  taken 
place  (ten  to  twenty  ptM'  cent),  owing  to  the  action  of  the  mercury 
on  the  weakent'd  corpuscles.  This  sudden  fall  is  followed  by  a 
gradual  ris(*  until  within  a  few  days  the  coloring  matter  is  at  a 
point  sliglitly  higher  than  before  the  mercury  was  given.  In  dis- 
eases otlu'r  than  syphilis  this  sudilen  dro])  does  not  occur.  After 
the  advent  of  secouilary  sym])toms  thi*  peculiar  reaction  to  mercury 
does  not  occur.  My  own  exi)criencc  with  the  test  is  small.  In  nine 
oases  of  active  syjihilis  I  IVnunl  it  juesent.  In  three  inactive 
cases  and  in  thirtv-five  c(jntroI  cases  of  various  other  diseases  it  was 
absent.     In  a  case  of  chlorosis  the  reaction  was  positive. 

Hrown  and  Dale'  studied  thirteen  cases  of  sy])hilis,  and  con- 
cluded that  the  test  is  unreliable  and  of  little  practical  value.     In 

*  Justus:  Dcut.  Arch.  f.  klin.  Med.,  vol.  75. 
«  Cincinimti  Laneet-C'linic.  March  '24th,  10()0. 
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some  of  their  cases  the  drop  in  hseraoglobin  did  not  appear  until 
several  inunctions  had  been  given. 

Jones '  examined  thirty-five  syphilitics  and  eighteen  control 
cases.  Of  seventeen  cases  of  active  syphilis  thirteen  gave  positive 
results.  Jones  thinks  the  test  of  some  value  in  diagnosis  though 
by  no  means  pathognomonic. 

Christian  and  Foerster  {University  Medical  Magaziney  Novem- 
ber, 1900)  studied  twenty-nine  cases  and  found  the  test  quite  un- 
reliable. They  obtained  positive  reactions  in  neurasthenia  and  two 
cases  of  chancroid.     On  the  whole  I  agree  with  their  conclusions. 

White   Cells, 

1.  Here  the  changes  are  not  characteristic.  In  the  first  stage 
the  leucocytes  are  either  normal  or  slightly  increased,  but  the  per- 
centage of  polymorphonuclear  forms  is  almost  always  notably  low 
and  that  of  the  lymphocytes  high.  If  mercury  is  given  at  this 
stage,  the  polymorphonuclear  forms  begin  to  increase  toward  nor- 
mal, and  the  lymphocytes  proportionately  to  decrease.  [Mercury 
given  to  healthy  persons  has  just  the  opposite  effect,  increasing 
the  lymphocytes  at  the  expense  of  the  polymorphonuclear  forms.] 
Iodide  of  potassium  works  exactly  like  mercury  in  this  respect,  in- 
creasing the  polymorphonuclear  leucocytes  in  syphilis,  while  it 
diminishes  them  in  healthy  persons. 

2.  As  the  eruption  breaks  out  leucocytosis  (12,750  and  16,800 
in  two  of  my  cases)  sometimes  appears,  the  proportion  of  lympho- 
cytes usually  being  increased.  Various  writers  have  reported  an 
eosinopliilia  at  one  or  another  stage  of  the  disease,  but  Peter,'  who 
has  carefully  studied  this  point,  states  that  eosinophilia  is  never 
])roduced  by  syi)hilis  at  any  stage,  though  from  various  causes  the 
eosinopliiles  may  be  temporarily  increased.  Engel  describes  a 
syphilitic  child  in  whom  the  percentage  of  polymorphonuclear  cells 
steadily  rose  as  the  child  got  worse.  In  such  cases  Engel  considers 
these  cells  to  be  of  prognostic  importance.  P.  K.  Brown  has  made 
a  similar  observation  in  bone  tuberculosis.  Treatment  with  mer- 
cury and  ])(>tassiuni  iodide  tends  to  bring  down  the  count  of  lympho- 
cytes, and  to  increase  the  polymorphonuclear  forms,  Avhile  it  raises 
the  count  of  red  cells. 

In  the  tt'tihtrij  sfdijcsy  with  the  severe  anaemia  which  is  often 

»  New  York  Med.  Jour.,  April  7th,  1900. 

•  Peter:  Dermat.  Zeit.,  1897,  vol.  iv.,  p.  669. 


812 


8PBCIAL  PATBOLOOT  OF  THE  BLOOD. 


present,  there  occur  oooasionally  lenoocjrtosis,  not  nnoommonly  with 
small  percentages  of  myelocytes,  and  a  marked  lymphocytosis. 
MuUer '  has  described  four  cases  of  antemia  in  syphilis  ao  seTere  as 
to  simulate  pemiciouB  amemia  very  olosely.  lu  one  the  red  oells 
sank  to  720,000.     Laaclie'  mentions  a  similar  case. 

There  are  no  constant  changes  in  the  blood  plates.  They  are 
often  increased  in  anramio  cases  and  are  in  all  probability  the  bodies 
described  by  Losdorfer  as  specific  and  cbaracteristio  of  syphilis- 
(See  discussion  byVOmer.*)  The  specific  gravity  follows  pretty 
closely  the  hnmoglobin  percentage. 

Diaffnottie  Value. 

Jnstoa'  reaction  of  syphilitic  blood  to  mercnry,  it  true,  would 
be  of  great  value  in  distiuguishiug  early  syphilis  from  various  other 
causes  of  debility,  but  it  is  iu  all  probability  useless. 

The  chief  value  of  the  blood  examination  in  syphilis  is  not  for 
diagnosis  but  as  a  measure  of  the  stage  and  severity  of  the  iufec- 
tion.  Low  haemoglobin  and  high  percentages  of  the  lymphocytes 
are  characteristic  of  severe  types.  Leucocytosis  usually  means  that 
the  case  has  got  beyond  the  primary  stage,  while  in  the  tertiary 
stage  the  presence  of  myelocytes  with  a  marked  ansemia  is  of  serious 
import. 

Certain  cases  of  this  last  type  may  closely  resemble  pernicious 
ancemia,  from  which,  liowevev,  they  are  to  Ite  distinguished  by  their 
low  fiolor  index,  the  frequent  presence  of  leucocytosis,  and  the  rel- 
ative infre'iuency  of  megaloblasts  as  compared  with  the  normo- 
blasts, iu  case  nucleated  red  cells  are  jnescut. 


Table  XLI.- 


mwit 

No. 

A^ 

tai.     Red  cells. 

While  cells. 

ghibln. 

1 

34.000 

TO 

Mcnin^ilis. 

a 

W) 

24,(100 

»0 

L:L-ri-bral. 

« 

m 

lawHi 

.  .  .      TiTtwrv.     Livert 

4 

27 

IB.ffltO 
13.700 

, . .    ]ir,-impHr[,i. 

.  .      Kk-vcntli  .iiiv. 

r> 

'ffl 

15.900 

80     '('cr<4.nil. 

15.200 

75     (.k-R-lira].     Jimt  4th. 

15.130 

... 

Junt-  mil. 

'  Cburitu.Annalen.  vol.  xiv.  '  L":  ril. 

•vomer:  Dcut.  mcd.  WocL.,  Ikwiiibcr  lllli,  1903. 
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j 

— 

Per  cent 

No.    Age. 

Hex. 

ffWtecelli. 

Hlobln, 

18.400 

Junp  Uli. 

14.260 

.lUDC  21  St. 

7 

Al 

15.000 

Temperature  100°,  witli  iritis. 

« 

4n 

14,900 

□erebral. 

14.400 

73 

Cerebral. 

10 

ffl 

14.200 

80 

II 

411 

18,200 

L'erebral. 

m 

12.600 

se 

Cerebral. 

18     81 

12.100 

70 

Secondary. 

14  1  24 

11.300 

80 

Cerebral. 

la    8u 

10,350 

05 

^erebml. 

16  '  48 

8,7011 

.'erebral. 

17     58 

8,400 

100 

Cerebral. 

18  29 

19  88 
ari    HI 

5.880,000 

H,B40 
6,6(K) 
y,4JlO 

53 

Amyloid  Ifverand  spleen. 

100 

Liver. 

9.1 

m 

7,000 

[■i-rcbral. 

'ia 

at 

7,000 

05 

Tcrtiury. 

24 

5.S80,0«0 

8,900 

53 

>[yocardlliS;  larynx. 

•Aj 

6,000 

70 

Cerebral. 

•in 

6,.WU 

27 

6,000 

65 

aM 

6,tKK) 

85 

Tertiary. 

■JV 

a4 

5,600 

70 

*j 

a-i 

4,500 

Testirle. 

Dr.  Thomat)  J.  i'arrow  kindly  sends  me  a  blood  report  of  the 

followiiig  case,  appareutly  of  liei'editary  syphilis; 


"*IM^ 

^. 

■"iSw"' 

^■. 

Ke^ 

Red  cflU 

White  cells 

3,r)0.000 
20,000 

Polyntiflear. , . . 
Lympliiwvtea. .. 
E-isiDophiW... 

44.64 

26. 7  J 
M.43 
lH.7i 

mm 

52.  S 

52.SS 
43.K* 
8,4« 

The  blood  clumges  here  re- 
use of  mercury  nod  with 
the  disappearance  c!  the 
aiiRmi&  and  ot  all  symp- 
toms. 

N<)rmiiblasta. .  . . 

60  per 

Wiiiiurski    {Pi-tTsfuinji-r   medie'migi'he    Jl'ochetisekrifi,    1892,  p. 
365)  gives  a  careful  study  of  seveuteeii  cases  of  leprosy,  and  P.  K, 
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watched  sixteen  cases.     They  find  in  young  persons 

Hie»  no  elmiiges  from  the  normal  blood. 

«  cases,  especially  in  old  people,  the  aiuemia   nut;  he 

0,000  red  cells  with  54  per  cent  of  haemoglobiu])  and 

arable  to  pernicious  aiifemia  (1,989,000  red  cella   wiih 

t  of  liteinoglobin).      In  aiiffimic  cases  the  color  index  is 

i    ligh,  in  one  case  it  was  1.7  (.').     Such  severe   tyiura 

looib  id  with  on  increase  of  the  average  diameter  of  the  red 

which  explains  the  high  color  index.     The  htemoglotnu  mu 

/ely  low  in  any  case. 

fo  infTfitf  wiif  prt-aeiit  m  iiny  rise.  Four  casoa  were  aabnoi- 
The  perceutage  of  lymphocytes,  as  in  other  debilitatvd  con- 
,  is  ofUiii  high  (f(irty-tive  to  forty-seven  per  twnt).  Easioo- 
has   been   recently  noticed  by    Uensande,'  hy  Achai-d   and 

jr'  (five  to  eleven  \iv.r  cTiit),  and  liy  Subriizfe  and  Mathws,*  tbe 
only  in  nodular  eases  and  not  in  those  of  tlie  auEesthetic  tj^t. 

Jiuctenoioffit  of  the  JUood.  , 

Brown  Jms  nueceeded  in  demon sti'ating  the  leprosy  bacillus  in 
the  blood  of  one-half  of  his  cases.  The  i>neilli  api>ear  for  the  most 
part  within  the  leucocytes,  and  here  they  accumulate  in  large  num- 
bers. It  is  especially  in  the  tubercular  form  of  the  disease  that 
Brown  has  found  them.  He  was  unable  to  cultivate  the  bacillus. 
Stteker '  has  likewise  found  tlie  bacillus  in  the  blood  of  tour 


'  Sao  FranciBco  County  Mnlical  Society.  July  13tli. 
'Bensaudc:  Ref,  In  Pressy  iii6ii.,  1S98,  p.  806. 

*  Acliatd  and  Loi-pur:  Itcf.  lu  Browu's  article  iu  lDt< 
ISth  scncB. 

*  Sabrazes  et  Malbes:  Oaz.  Hebd..  19i)3.  No.  3. 
'Streker:  MUacli.  ineil,  Wocli,,  ISfiT.  Ni.-^.  M9  iinil  4( 


PART  IV. 

DISEASES  OF  SPECIAL  OBGANS. 


CHAPTER  VII. 

DISEASES  OF  THE  DIGESTIVE  APPARATUS. 

1.  Mouth. 

In  a  case  of  thnish  complicating  chronic  nephritis  the  following 
counts  were  recently  recorded  at  the  Massachusetss  General  Hospi- 
tal: October  16th— red  cells,  5,000,000;  white  cells,  16,200; 
luenioglobiu,  52  per  cent.  October  24th — white  cells,  13,800;  hae- 
moglobin, oo  per  cent. 

2.  (Esophagus  (see  Malignant  Disease,  page  439). 

'^.  Stomach.  Displacements  of  the  organ  (gastroptosis)  have 
no  effect  upon  the  blood. 

The  conditions  existing  in  the  stomach  may  influence  the  blood 
profoundly  in  three  ways: 

(ff)  They  may  be  such  as  to  prevent  the  normal  absorption  of 
nitrogenous  material  on  which  the  blood,  like  all  tissues,  is  abso- 
lutely dependent.  Then  the  blood  becomes  starved.  The  extreme 
of  this  condition  is  the  so-called  "atrophy  of  the  gastric  tubules," 
which  may  produce  fatal  anaemia.  In  lesser  degrees  the  same  proc- 
ess is  at  work  in  many  forms  of  chronic  dyspepsia,  gastritis,  or 
chronic  starvation. 

(A)  They  may  lead  to  severe  and  repeated  hemorrhages. 

(V)  They  may  lead  to  an  auto- intoxication  which  poisons  the 
blood  as  well  as  other  tissues. 

On  the  other  hand,  it  is  probably  through  the  influence  of  an 
altered  blood  serum  on  the  duodenal  mucous  membranes  that  ulcer 
of  the  duodenum  is  a  sequel  to  severe  burns  of  the  surface  of  the 
bod  v. 

For  an  arcount  of  the  influence  on  the  blood  of  digestion,  inges- 
tion of  liquid,  and  starvation,  see  page  90. 
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DISEASES    OF    THE    STOMACH. 
ANOREXIA  NERVOSA. 

From  pure  starvation  the  red  cells  may  get  as  low  as  900,000, 
as  in  the  ease  mentioned  by  Martin.  In  the  early  stages  the  blood 
is  normal  A  recent  hospital  case  showed  8,900  leucocytes  with  87 
per  cent  of  hemoglobin. 

GASTRIC  CANCER. 
(See  Malignant  Disease,  f>age  433.) 

GASTRIC   ULCER. 
litd  (^lU  nud  ]i«rmoylohin, 

A  severe  anaemia  is  common.  Out  of  the  51  cases  in  Table 
XLIL,  A,  42 — 80  per  cent — had  less  than  50  \yev  cent  of  haemo- 
globin, and  of  the  51  in  wliich  the  n*d  cells  were  counted,  17  had 
under  3,000,000  red  cells  per  cubic  millimetre.  The  average  count 
of  red  cells  at  the  time  when  treatment  l)egan  was  3,372,000. 
There  is  no  single  disrast-.  >(>  far  as  I  am  aware,  in  which  the  r^d 
ct'lls  are  so  a])t  t*j  be  so  lt»w,  I'XtTjjt  iMMiiieious  aiuemia.  Even  ean- 
ct^r,  as  a  rule,  does  n(»t  fall  >«►  l<»w.  This  is  due  mostly,  I  think, 
to  the  fretpu'ucv  <»f  hriiinrrli'if/r  from  the  ulcer;  it  is  uncommon  to 
see  niark«'d  ana'inia  in  ]»atitMit>  who  nave  ut'Vi-r  had  a  hemorrhage. 

This  anji'Uiia  is  all  \\\v  nion'  stnkini;  when  wo  rememl)er  that 
the  fn*qu«*nt  vouiitini^  fri»ni  which  iii(»st  ]»atients  suffer  tends  to 
concentrate  the  blood,  iftm'ttsr  the  nuniln'r  of  cidls  in  a  drop,  and 
so  to  niakr  the  blood  SfiMu  less  aniHUiic  than  it  reallv  is.  This  ten- 
dency  to  concentration  is  probably  effective  in  some  of  the  eases 
observed  es])ecially  by  ( )]>|)enheiiiier,'  in  which  des])ite  great  pallor 
he  foinid  normal  counts  of  red  (•••lis  and  luenio^dobin. 

It  i>;  ill  sncli  cases  that  tin-  esiimatinii  «if  ilie  dry  resi(hic  of  the  blcHxi  serum 
would  lie  <»f  n-al  value  cnuld  it  l>e  made  sh«>it  and  siin]»lc  enough  for  clinical 
work  (Jrawit/.,  wiio  is  ijn-  propiiet  of  this  Itraiuli  of  hlood  examinHti(Hi, 
jiiives  an  iiiterestinL^  eas«'  ilhistraiin^:  this  ]>oint. 

A  L'irl  (d"  twenty  tive.  sulTeriiiL'^  with  juptic  ulcer,  and  exceedingly  pale, 
sliovved.  on  countiuL^  the  corpuscles.  4.1-tOjK)0  per  cubic  tnillimetre  (no  consid- 
erable re(hiction),  and  !M)  per  cent  of  ha'nioirlobin.     A  second  count  showed 

•  Deut.  nied.  Woch.,  iss<).  No.  42. 
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4,340,000  cnrpuseies  and  91  I'cf  cent  of  hamogloLin.  But  tbe  dry  reaiilim 
or  tlie  serum  was  reduced  lo  three- fuuriha  its  aonnul  anionnt.  The  seniin 
suffers  in  onsiuia  us  much  as  Uie  corpuscles  do.  Any  mflueiice  which  de- 
prived the  serum  of  oue<founh  of  ils  norniul  solids  ((BiJcina  being  abseut) 
must  have  really  alTecled  tbucorpuicles  very  much.  Therefore  the  corpuscles 
miisi  actually  have  been  reduced  to  about  8,800,000,  tbe  reduction  beiug 
masked  hy  the  coucentratlon  of  the  blood  from  vomiting.  Lympli  cannot 
liuvc  run  into  the  vessels  aud  diluted  the  senini.  for  (owing  to  the  vomiting) 
the  tide  is  all  the  other  way.  If  then  the  serum  Is  reduced  to  a  quarkr  llie 
corpuscles  must  be  so  likewise.  Unfortunately,  to  lest  the  dry  residue  of  tbe 
blood  serum  requires  more  time,  skill,  and  apparatus  than  clinicians  are  apt 
to  have.  It  Is  valuable  whenever  we  wlsli  to  know  whetlicr  or  not  an  anmuiia 
is  being  masked  by  eonceniration  of  llie  blood. 

In  severe  oases  the  usual  ijualit<Uivr-  ei^idenee*  of  seeondavy  auie- 
mia  (deformities,  seauty  normoblasts)  are  to  be  found. 


TABI.B  SUI.,  A.— Gabtmc  Uu 


It  WITH  ilKMOBRUAGK. 


Per  cent 

No. 

4«e. 

Sex. 

BedceU*. 

CTtlLt 

SSwS: 

Baumrt™. 

S3 

4.804.000 

22,000 

7.1 

nemorrhage  yesterday. 

20 

8,968,000 

21,100 

43 

C?bl(irosIs. 

53 

P. 

8.031.000 

i7,aoo 

80 

llemoiTliagc  and  pi-rfonillon. 

37 

1.880,000 

15.SO0 

20 

Voniit*Hi  Bmall  omount  of  blood. 

as 

8.480,00<l 

lii.OOO 

48 

86 

M, 

1,040,000 

14,900 

18 

Ble<i  four  days  ago.     JMff,  count 
500  cells: 
Polynucliwr,     74     per  cent. 
Lymphocjrles,  80            " 

Myelocvles.  '        .6         " 
Hegalottlasta,     4 

Ileds  slain  well, 

8i.\tii  Jay.     DUT.  count  500  cells: 

S,  104,000 

6.100 

U 

Polynuclear,     flO   per  cent. 

LymplKK-ytes,  89       - 
Eoainopblles.       1 

MegaloblastB,      0 

S.  506.000 

7,000 

83 

Thirtei-ntb  day.    Dlff.  count  BOO 
ceils; 
Polynuclear.     68  per  cant 

Lymphocytes    39      " 

Eosinopbiles,      8      - 

No  nucleated  reds. 

3.192,000 

40 

Twenty-first  day. 
TUiity -second  day. 

4.008,000 

6,666 

55 

30 

P. 

1.676,000 

14,750 

36 

Large  hemorrhage. 

8 

M 

F. 

3,064.001 

I4.8U0 

4.1 

« 

23 

4.830,000 

18,800 

50 

Perforation. 

1 

1 

OP  THE  BLOOD^^^^^^^^H 

^1                       Tablb  XLU.  ifl 

■ 

^■l  WITH  Heuohbhaok  (OotainMd).          1 

^1 

Per  SCSI 

1 

■ 

Aat. 

8m. 

Bedoelb. 

odli. 

S^. 

B^marki                                    ] 

^H 

48 

1,448.000 

18,700 

10 

Five  ilayti  afttr  pcrfuntioD.     DIS.      J 

count  500  ceTu-                             1 

Polynuclear,      86     percent.           ■ 

NornioblMlB.      1                             T 

^H 

42 

P. 

a.216.000 

18.000 

^1 

83 

8.2J56.(IOO 
2,5«.000 

18.000 
T 

80 
20 

November  lltb. 

November  Ulh.                                         J 
Polynuclear.       83.2  per  cent. 
8.  lymphocytes,  10.4 
I.,  lyninhocytei,   8.6        ■ 
Eosinophils,        1.8       - 
Myelocytes,               1         " 

No  nuclcHied  reds:  gener&l  tend- 
ency to   «mall    si/e,   very  lew 
large    forms:    modemte    polkl- 
Uwyloais. 

^K   ' 

24 

5.010,000 

12.000 

53 

^m 

S9 

8. 044. 000 

11.400 

80 

Day  after  Letuorrhage  of  0  Uj. 

^m 

TS 

8,7W,000 

10.700 

85 

Auu»psy, 

^M 

80 

8,024.000 
8,893,000 

10.200 
I 

66 
63 

Janiiarv  M. 
Janua^  13th. 

8,713.000 

45 

February  5th. 

^M                   IT     40 

8.808.000 

o.wo' 

60 

^H                      16     IT 

0.000,000 

0,700 

45 

^H 

2T 

4,0»2,i)0n 

D.SOU 

40 

^H 

85 

1.884.000 
3.334,000 

17.200 
8.300 

30 
40 

No  autopsy.                            ^^^ 

^H 

24 

P. 

8.078,000 

8,900 

16 

BleedlDg.                               ^^^1 

^1                      S3 

20 

5,874.000 

8,660 

80 

^^H 

^h 

87 

8,307.000 

8,600 

80 

Hpinorrhagc  sii  dars  ago.    ^^^^^| 

^^^^V       M 

40 

8.520,000 

8,400 

85 

^^H 

^^^^H      SA 

87 

4.188.000 

8,100 

35 

Bleil  "DC  month  ago.              ^^^^H 
Hi^morrlmge  premut  day.      ^^^^H 

^^^^B    ae 

80 

F. 

8.483.000 

7,820 

45 

4.223,000 

10,000 

75 

Two  weekH  later.                        ^^^^H 

4.303.000 

0.700 

70' 

Three  weeks  later.                            ■ 

^^        8T 

44 

4.OSO.O00 

7,000 

88 

28 

2& 

6,000.000 

7,400 

60 

flight  hcmorrhflge. 

89 

30 

1,888,000 

7,400 

19 

Three  (lays  after  hemorrhage: 
Polyniiclear,      67  per  cent 
Lvmpliocvlea.  41      - 
EiMlDophlleB.       2      " 

No  Diicleated  reds ;  reds  KiibU  but 

SO 

23 

2,884.000 
3,430,000 

3,012,000 

7.300 
f 

T 

21 
84 

Oct-iber    3d. 
October  20tb. 
November  1st. 

81 

34 

P. 

1.802,000 
3,804,000 

7.000 

80 
27 

January  28d. 

8,1)04.000 

8.,»0 

85 

January  8lBt. 

3.82O.000 

T 

43 

February  lOth. 

4.080,000 

T 

55 

February  28th. 

BH  '  20  1   ..   13,340,000 

7.0O0 

40 
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Table  XLIL  A.— Qasthig  Ulcbr  wnv  Hbuorkhaoe  ((kntinvtd.) 


».. 

Age 

... 

...... 

Wblle 

Pcrcmt 
biemo- 
globin. 

fteaoAM. 

83 

53 

1,712,000 

7.000 

25 

Five  days  after  Iiemorrbage. 

Diff.  count  300  cells: 
Pdynuclear,      64  per  cent, 

fiSTnop^ilesf'    I        - 
Normublaau,      1. 

U 

»H 

4.800. 00( 

7.000 

40 

M 

8.280,00( 

e.800 

30 

H« 

24 

4.704. 00( 

45 

H7 

6.400 

80 

IS 

4.496,  OOC 

6,800 

50 

K« 

4H 

F 

4,B00.00( 

6,200 

40 

40 

.3 

6,000 

Oae  pint  of  blood  Tomfted  greater- 
day:  blood  In  stools:  recoTery. 

41 

3.186,00t 

5,900 

15 

4,4 

•ili 

P. 

3.988.000 

0,800 

45 

ExclusiTO    rectal    feeding    eight 
days. 

Oiippo  and  tooBillitis. 

44 

19 

4.432,000 

5,  (too 

58 

<i> 

4.62,'5.O0( 

6,000 

45 

46 

50 

M. 

1.554,000 

25 

Polynuclear,      74  per  cent. 
Lymphocytes.  28 

47 

46 

M. 

3.834,000 

4.800 

35 

Fell  to  15  per  cent  after  licmor- 
rhage. 

48 

29 

3.5S4.OO0 

4,500 

25 

49 

as 

3,616,000 

4,300 

85 

Eleven  days  after  profusi'  hemor- 
rhage. 
Recovery. 

no 

<"(! 

T 

1.072.000 

4,000 

88 

51 

26 

" 

4.312.000 

2,600 

45 

Gastric  Ulcer  wrrn  Hemokrraoe. 

While  Cells.  Cases. 

Between  2,000  and    6,000. 17 

"         8,000     "       8,000 23 

8.000    "      10.000 17 

"       10.000    "      12.000 6 

"       12,000    "      14,000 18 

-       14,000     -      16.000 7 

"       18,000    "     30,000 3 

"      20,000    "     M,000 8 

Total 88 


SPBCIAL 

PATOOIXMIT  or 

THE  BLOOD. 

;  XUl.,  B 

— Gabtric  Clceh  wt 

TiiouT  HEHnRliRAae 

*«- 

Bn. 

RedccUi. 

Wbile  will. 

jiaTpS^bln 

Beiiuit& 

27 

32.000 

90 

October  3Ut. 

18,300 

Novpmber  Ist, 

to 

».71«.000 

ia,«oo 

S6 

1 3.  WW 

no 

MHn-h  14lli;  leiul  iu  uHoe 

S,80U 

ec 

Mnrrh  SOili, 

aaoo 

«t5 

April  M 

,17 

S.SM.OUO 

13,100 

no 

a 

a.040,000 

ii,ooo 

40 

11,«MI 

HO 
70 

July  30lh. 
July  30ili, 

ia,Boo 

80 

August  eih. 

T 

31 

B.000.000 

11.800 

70 

t 

»n 

"f.' 

11,100 

DH 

81 

10,800 

70 

34 

«.B^!666 

10,700 

48 

VomitlM. 

10 

■p.' 

G.8M.000 

10,(W0 

KO 

^^H 

£S 

l»,ffllO 

M 

T.' 

4,4ob;66o 

H,000 

08 

F. 

(i,;!00 

BO 

aa 

V. 

8,300 

75 

SO 

8,100 

65 

27 

7,000 

75 

80 

«,W)0 

70 

» 

.::; 

e,iwo 

3,400 
8.000 

70 

Beroro  totl  breakfast. 
Milt  Ipst  breakr»st. 

90 

80 

F. 

6,80«.l 

70 

ai 

sa 

«,.%») 

85 

te 

S3 

«,5(Kt 

TiO 
45 

April  37lU. 
jJue  611,. 

28 

47 

F. 

6,300 

r.7 

24 

31 

fl,(X)0 

SO 

M 

as 

>;■ 

5.800 

60 

96 

10 

F. 

5.600 

m 

a? 

2(1 

F 

::::'::" 

4,300 

57 

S8 

36 

8.216,  OW 

4.300 

80 

S6 

28 

4.680,000 

35 

80 

ai 

F.' 

5.100,000 

70 

Ha; 


As  a  rule  the  color  hulex  ia  low.  ODiy  one  examiuation  m  the 
cases  of  the  Massachusetts  General  Hospital  series  showed  au  in- 
creased  aiuoimt  of  hjeiiioglobin  per  corpuscle,  and  as  this  was  not 
repeated  or  verified,  it  may  have  I)eeii  a  mistake.  Iu  most  of  the 
other  examinations  the  color  index  was  low. 

Yet  Osterspey  records  1,900,000  red  cells  with  31  per  cent  of 
htemogloWii  (color  index  —  .81);  3,296,000  with  70-per-centhEBmo- 
globin  (color  index  -  1.09);  4,048,000  with  84-per-ceiit  Iwemoglo- 
l)in  (color  index  =  1.05).     Such  cases  are  certainly  rare. 
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White  Cells. 

Leucocytosis  is  practically  never  seen  except  after  hemorrhage 
and  during  digestion.  When  patients  who  have  been  fed  for  some 
time  by  the  rectum  are  first  given  food  by  the  mouth,  the  digestion 
leucocytosis  may  be  very  great,  as  in  a  case  of  the  above  series,  in 
which  the  cells  increased  from  4,000  to  15,500!  The  presence  of 
a  leucocytosis,  when  the  influence  of  bleeding  and  digestion  is  ex- 
cluded, is  against  the  diagnosis  of  ulcer  of  the  stomach. 

Table  XLIIL— Duodenal  Ulcer 


No. 

1 
Affe.  Sex. 

Red  cells. 

White 
cells. 

Per  cent 
htieroo- 
Rlobin. 

Remarks. 

1        58      .. 

1,472.000 

24,000 

20 

September  8d.     Diflf.  count  500 

cells:  Poly  nuclear,  75  percent: 

small  lymphocytes,  22.4;  large 

1 

lymphocytes,  1.2 ;  eosinophiles, 

• 

1.2;  myelocytes,  0.2;  one  nor- 
moblast. 

1. 876. 000 

•  •  •       •  •  • 

19 

September  10th. 

2.14H.(XjO 

17 

September  18th. 

2,440.000 

21 

September  24th. 

3.196,000 

*  •  •       •   •  •  • 

28 

October  1st. 

2.904.(M)0 

6,600 

28 

Octol)er  8th. 

2,744.000 

28 

October  16th. 

2,820,000 

80 

October  28tl. 

89 

OctobiT  80th. 

3,440.000 

48 

November  6th. 

3.832.000 

45 

November  24tli. 

3,885,000 

48 

December  15th. 

2       31       ..       1.960,000 

1 

j 

'  24*  666' 

28 

October  27.  Diflf.  count:  Poly- 
nuclear,  86  per  cent;  small 
lymph<Kytes.  10;  large  lym- 
phocytes. 1.2:  eosinophiles,  2 ; 
normobla.sts,  1. 

1.764.000 

10,500 

25 

OctolHT  8l8t 

1                     3,232,000 

24,000 

40 

November  6th. 

17,200 

45 

November  8th. 

3.1(U,000 

8,000 

45 

November  14th. 

1  3.iMi8.0(H) 

48 

NovemlK'r  22d. 

1  3,520.000 

50 

November  26th. 

3       3H      .. 

15.8()6 

80 

Jnlv  nth. 

.5.29(i.obo 

14.800 

75 

July  16th. 

1.448,000 

9.700 

1 

14.200 

•  • 

Julv  23<I. 

1 

18.300 

•   '■ 

JulV  27th. 

1 

14.800 

•  • 

JulV  29th. 

1.928,000 

1 

7,800 

10 

Aupist2<I.  Diff.  count  200 cells: 
Poly  nuclear.  65.5  per  cent; 
small  lyinplnx'ytes,  25.5;  large 

I 

lymphocytes.  9:   eosmophiles. 

0;     nieijaloblasts,    1;     normo- 

, 

blasts,  4. 

21 


SPBCIAL  PATHOLOGY  Or  THE  BLOOD. 

TvBLE  SLia-DcouesAL  Ulcer  (0,«««i»rtl). 


>■ 

A^ 

BedMlta. 

S!- 

pFrrvnt 

lutmo- 
KlnUn. 

ItoBiarU. 

1.WB.000 

IS 

Augusi  m       n\tt-    Miint    200 
cells:  Polynuclwir.  7Wt>er«nt-. 

lymphocjlta.     18L.5;       ttwtiui 
phi  Us,  on:  DormoblastB.  i. 
AuKuct  14i]i. 

8.500,000 

18,800 

10 

Augiiii  30Ui     WB     count    200 
telta;     t'olvnufleat.    7S  5    prr 
cent,  smnll  lympbocytM.    U; 

8.47(1.000 

IO.800 

SS 

August  aetk                      1 

S.MO.00U 

la.-'wo 

2.1 

Svptpinlwr  Sd.                                  ■ 

10.800 

m 

SeptetuUr  »ili.                              ^ 
July  !4lli.  much  coffee  erounds.' 
July  a»lh  (live  rfnys  fBstlng' 

4 

47 

M 

a,  100.000 

la.ooo 

80 

T.IMO 

Four  hours  afier  mexl. 

ll.OOU 

C..n»t«il  feislUig.  July  SOtL. 

S.48O.OO0 

B.OOO 

DH 

9.680.000 

U..V)0 

80 

August  aiBl,  opcwtiott. 

M 

9.016.000 

ll.flOO 

45 

S19 

10,  BOO 

80 

r 

B.aoo 

88 

1 

A 

M 

7.W0 

n 

7.800 

m 

111 

HII 

8.7TB,  0«0 

Normal 

»j 

1.700.000 

Noniul. 

67 

12 

47 

a..W4.0«Xl 

,'i.WiO 

».'> 

August  Tth. 

WMi.imo 

f.lHXI 

19 

August  etb,  deaih. 

I 


These  figures  are  given  simply  to  show  that  the  blood  in  dnode- 
ual  ulcer  undergoes  luucli  tlie  same  changes  as  in  gastric  ulcer,  and 
needs  uo  further  comment, 

ACUTE  GASTRITIS  AND  DYSPEPSIA, 

Acute  gastritis  or  gastro- enteric  attacks    (Hayein's  "embarrat 
ffantri'/iie  ")  do  not  affect  the  red  cells  or  hwiuogiobiii,  but  are  very 
often  accompanied  by  leueoeytosis  (see  Tables  XLIV.,  A  and  B). 
Table  XLIV,.  A  —  Acite  Gastho-Entkkitis 


JIO. 

ABf. 

m 

Hedr*1l» 

f^Ul. 

ten."' 
giown. 

R^DiuUs. 

1 

3 

a 

10.700 
13.  (too 
10.400 
80,400 

flo.aoo 

75 

90 

SepltmberSai,  temp,  103'. 
SepietiilHT  37ih. 
May  22(1,  acute. 
Miiy  26llu 
Jlay  37tli. 

'                                            ACUTH   OABTRITI8   AND  DT8PBP8IA.                        ^&                 ^M 
Table  XLIV. ,  A  — Acl-tf.  Gastro-Esteritis  (Continued),                              H 

No. 

Age. 

Sex. 

SednUi. 

Wblle 

wSwS: 

1 

8 
4 
3 

a 

7 

8 
» 
10 
11 
13 

18 

14 
15 
10 

17 
18 

le 

20 
21 

81 
H 
30 
18 
38 

BO 
20 
86 
US 

17 

a» 

70 
87 

28 
37 
98 
83 

M. 
F. 
P. 
P, 
M. 

F. 
M. 

F. 
F. 

P. 
P. 
P. 
M. 

M. 

F. 
F. 
P. 
P. 

T.OOO.OO- 

1.800,00" 

0.'l64.W 

4.860.0ft 

6.'344.bb 

4.900.00 

1 
a 

a 

0 

0 
0 

0 
0 
0 

13,800 
8,200 
IM.UOO 
17,800 
15.1011 
15.000 
14.400 
13.800 
0.100 
14.900 
12,000 

ii.mio 
n.Roo 

11,500 
17,000 
8.000 
It.DOO 
11,000 
10.000 
9,200 
6.  BOO 
6.400 
6.000 
5,400 
5.300 

50 
70 
85 

80 
67 

68 

70 

»0 
68 

eo 

65 

95 
50 

Jnne  5tli.                                                       ■ 
Temp.  104'.      Well  next  day.                         ■ 
Temp.  101°.                                                         ■ 

Well  next  day,                                              1 
September  17tli.  temp.  108'.                            ■ 
Seiitember  18tli,                                                 ■ 
September  2tBt,  temp,  normal,                    ^M 
Well  \u  tiiree  days.                           ^^^1 

two  days.                             ^^^1 
AngustSth.                                      ^^^^H 
August  Stb,  8  r.u.                           ^^^H 
August                                             ^^^H 

Temp.  100*.                                                    1 

4,683,00 

4,188,00 

8.960,00 

8,144,00 

Where  this  is  the  case,  it  may  help  us  to  exclude  typhoid  fever, 
which  has  no  leucocytosis.     Even  a  twenty-four  hours'  dyspeptic 
attack  may  increase  the  leucocytes  notably,  as  in  Cases  1  and  2  in 
Tiible  XLIV.,  A,  and  the  presence  of  such  au  increase  need   not 
make  \i8  suspect  anything  behind  the  dyspepsia.     It  is  probably  to 
be  classed  as  a  toxic  leucocytosis  due  to  absorption  of  moibid  prod- 

m          ucts  from  stomach  or  intestme.     Fibrin  may  \ie  increased  during 

H        the  period  of  leucocytosis. 

f                               Table  XLIV.,  B.-Dysfepsia  and  Oabthitib. 

1; 

.„ 

Six, 

RedMlU. 

cetl*. 

PHrrent 

Klobln. 

1 

«4 
27 

M. 

P, 
F. 

.380,000 

'iso.m 

,930.000 

22.700 

12.800 

ai.ooo 

14.000 
11.000 

so 

74 
35 

belly  leader.  ■ 
Tbreedayalaier.  well  in  a  week.  ■ 
Nervous  periodic  vomiting.  ■ 
At  meaUime.   11,300;    four  boura                 ■ 

later.  12.150.  ■ 
Dyspepsia.                                                       ■ 

k 

1 

1 

1 

1 

1 

L 

1 
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Tahlk  SLIV,,  B.— DisPEPstA  and  Oabtritis  {Orutii,A 


i 

Age. 

SVS. 

tMcetU. 

WbitP 

PWPrtll 

Blown. 

'BnlMrlU. 

f 

8.(JI6.0O0 

8,924 

sa 

', 

H7 

M 

7.828 

77 

Olirontc  giutric  cutarrh. 

6 

at) 

3,678,000 

7,000 

7.1 

Ncrvcma  Uvspepaift, 

rBofom    "meal.     Novembor     1st, 

9 

41 

M. 

4.534,000 

6,000 

68 

J      6.000;  November  2d.  6.800. 
1  AftiT      meal.      November     Isi, 
1      6,800;  NoVEtnber  fld,  7,40a 

V 

40 

r 

4.300,000 

4.000 

80 

Chronic  BMSiriUa, 
DyBpepafa. 

18     F 

S.Olfl.OOO 

8.aoo 

45 

u 

80     M 

3,504.000 

2.S00 

50 

Clminic  gastritis. 

CHRONIC  GASTRITIS. 
{See  Cases  7,  10,  and  12,  Table  XLIV.,  B.) 

Here  the  conilitions  are  differeut  arjd  we  never  find  an  increase 
of  the  white  cells,  but  ufteu  a  decrease  to  malnutrition.  Digestion 
may  produi*  no  leucocytosis,  or  the  increase  may  be  very  slight  and 
late  in  appearing  (four  to  five  hours  after  a  meal  instead  of  two  to 
three  houis).  It  waa  present  in  nine  out  of  twelve  cases  in  our 
aeries. 

Anemia  is  very  often  present  and  may  be  extreme.  It  is  be- 
lieved by  very  high  authorities  tljat  a  jiemieiotia  aiifemia  may  be 
caused  by  t-hrouie  gastritis  with  atropliy  of  the  gastric  tubules. 
The  writer  hiis  never  had  the  goinl  fovtiuie  to  see  such  cases. 

The  practical  points  about  the  blood  of  chronic  gastritis  are: 

(a)  The  not  infrequently  severe  anremia. 

(i)  The  not  infrequent  alienee  of  digestion  lencocytoais  as  in 
gastric  cancer,  from  which  therefore  the  absence  of  digestion  leuoo- 
oytosia  does  not  distinguish  it. 

The  presence  of  a  Icucocytosia  militates  against  the  diagnosis  of 
chrouto  gastrio  catarrh,  and,  if  hemonhage  is  excluded,  points  tow- 
ard cancer. 

HYPERACIDITY  AND  HYPERSECRETION, 

L^cbty'  found  normal  numljer  of  red  cells  and  normal  hiemoglo- 
bin  ill  hyperohliirhyiiria,  39  o.ises;  liyporhlorhydria,  03;  achylia 
gastriea,  6;  gastrio  dilatation,  11;  chronic  gastritis,  13;  nervous 
dyspepsia,  14. 

"  LIchty,    Phil.  Me.1  J.mrn.,  1899.  p  326. 


DILATED  STOMACH.  886. 

The  lencooytes  averse  higher  in  them  coitditioQS  than  in  chronio 
gastritiB  or  dyspepsia  with  normal  or  decreased  seoretiona  (see  Table 
XLV,).     Otherwise  the  hlood  is  not  rematkablft 

Table  XLV  — Httkbactditt  and  ETntBaEOBmoir. 


AI& 

^ 

RednlM. 

wut. 

P5~. 

B«-ta. 

1 

M 

14,000 

7B 

1 

Adult 

M 

B.oa4.o« 

12  »» 

88 

t 

m 

P. 

6,7e8.0« 

10,800 

88 

CbroDlc  gaabrttls. 

< 

houra  later. 

fr 

81 

»,»00 

60 
SS 

November  8d. 

w 

8,700 

78 

7 

40 

M. 

8.840,000 

7,780 

72 

cocytoala 

»:   87 

7,000 

70 

10     «0 

8,000 

86 

III    28 

P 

4.016,00( 

n,0H 

78 

18     87 

M 

4.1W,0O0 

8.800 

84 

Dilated  Stohacr 


DILATED  STOMACH 

In  many  cases  proteid  absorption  is  bo  faulty  that  the  blood  is 
sevtM-ely  starved,  but  the  am^mia  may  be  concealed  by  the  c»neen- 
tnition  of  the  blood  brought  about  by  the  constant  vomiting  ot  lai^ 
amounts  of  fluid.  Kussmaul  has  sliown  that  patients  often  vomit 
mori- fluid  than  they  imjest,  and  it  is  obvious  what  must  be  the  drain 
of  this  process  on  the  fluids  of  the  blood  and  all  other  tissues. 


BPBCIAL  PATHOLOaV  OP  THB  BLOOD. 

leucoojtesis  is  ofteu  absent,  as  in  cancer  or  chronic 

CORROSIVE  GASTRITIS. 

1  hluod  was  examined  in  a  case  of  this  kind  lu  189S  at  the 
wtts  General  Hospital  with  the  following  result:     Kcd 
1,000;  white  cells,  32,500;  liiemoglobin,  53  per  ceiiL 

DI8EA8EB    OF   THE    INTESTINE. 
trLUEKCB  OF  Salikk  Catbartics  on  the  Blood. 

I '  gives  th<^  following  figures,  showing  the  etfect  of  sulphate 

iiuin  in  concentrating  the  blood ;  Healthy  man  of  thirty-three, 

Bcil  corpiiiwlcs,  5,025,000;  given  85  c.c.  of  a  coucen- 

HuJution  of  sulphate  of  smlimu  in  water;  thirty-fire  minutes 

d  count  showed   reil  corpuscles,    6,540,000;    siity-five 

inter  hlooil  couut  showed  red  corpuscles,  6,790,000;  four 

r  lilood  count  showed  red  corpuscles,  4,930,000.     Kvi- 

-ip.h  fluid  was  drawn  out  of  tlie  blood-vessels,  and   then 

M  icnr  liriiirs  llu-  li.s.suos  liad  supplied  the  loss  and  the  hlofx) 

bad  retunied  to  its  normal  density. 

Hay  also  sliowed  that  dilute  solutions  of  the  same  salt  had  far 
less  effect  in  concentrating  the  blood.  Further  he  demonstrated 
that  if  the  blood  is  already  concentrated  when  the  saline  is  given,  no 
purgative  effect  follows. 

Grawitz  confirms  these  results;  he  found  also  that  common  salt 
still  further  concentrates  the  bloo<l  (hence  its  production  of  thirst), 
and  considers  that  (as  this  concentration  accelerates  coagulation) 
the  household  use  of  salt  water  as  a  remedy  to  stop  hemorrhage  is 
well  founded. 

ACUTE  DYSENTERY. 
(Shiga's  bacillus)  (see  page  539). 

ACUTE  ENTERITIS. 

Practically  the  great  majority  of  cases  of  acute  enteritis  are  part 

of  a  g astro-enteric  attack,  and  in  Table  XLIV,  (see  page  322)  the 

two  have  been  lumped  together.     What  was  said  of  that  table  (page 

'Htiy:    "The    Actinn   of  Siiliue  Cntliartics."     Journal   of  Anatomy  and 

Pliysiology,  1882,  p.  430. 


323)  need  not  lie  here  re|ieiiteil.  Ilesides  the  slight  leucocytosia 
there  inentiontil,  wu  may  tiiiil  iu  cases  in  which  tlie  stools  are  very 
watery  a  temporavy  toiiceutraliou  of  the  blood  witli  increased  spe- 
cific gravity  and  i-ed  eoi-pust'les.  lii  infants  the  lymphocytes  are 
apt  to  be  inei-easeJ  at  the  expense  of  all  the  other  varieties.'  Eosino- 
philes  may  Iw  absent-  Thus  in  a  case  of  suliaciite  colitis  following 
an  attack  of  influenza  pneumonia,  Wochnert  found  ninety-seven  i>er 
cent  of  lymphocytes  in  a  total  count  of  14,000  white  cells.  The 
other  thi'ee  per  cent  were  polyiiuclear. ' 


Tabi:^  XLVI— Ektkritib,  Cui.iTrs,  xxd  DvsEKTEiit 


1 

Age. 

se.. 

K«d(«ll*. 

x- 

Blown. 

R«-rU. 

1 

"«" 

;  28, 100 

90 

.laiiiiarv  10th.     Eiiteriiis 

a8,Moo 

Jiinuary  18tb. 

20,100 

January  10th. 

80.SO0 

Jauunry  21st. 

16.700 

Jsumu-v  38d. 

IS.OOO 

JanimrV  27th. 

a 

ss 

19,400 

17.900 
35.400 
84.200 
Sl.OOO 
27,HO0 
14,600 

80 

September  16th     Chronic  enttro- 

colitis, 
6epl4^iiit>er  17ih 
September  19th. 
September  20th. 
Septf  mher  24lh. 
September  37lh 
October  10th. 

8 

4e 

M. 

8.840.000 

17.000 
14,800 

7.700 
8.800 

SO 

August  26tli.    Chronic  dysentery 
September  8d. 

September  5tb.     DvBentery  ceased, 
September  20tli. 

4 

as 

F. 

17.000 

Chroniu  cutero-colttii 

S 

» 

14,800 
7.600 

M 

September  7Ui.     Acme, 
September  Olb. 

a 

Adult. 

M. 

8,624,000 

18.000 

7 

8a 

18.600 

90 

CliroDic. 

8 

Adult. 

M. 

iisao.'oooi  ia.4oo 

3,788.0001  10.«00 

Ulcerative  colitis. 
Two  weeks  later. 

4,468.000 

6.00O 

Three  weeks  later  niudi  improved. 

' 

80 

F. 

6,776.  WW 

P.OOO 

100 

Acute  (tbrile  dyaenterj-i     bloody 
movements  every  hour. 

10 

8 

F. 

4,800.(H)0 

7.000 

Ulcerative  colitis. 

11 

40 

7.800 

80 

18 

Adult. 

ji. 

4ii66.'ooo 

7.560 

73 

Chronic  enteritis. 

18 

37 

M. 

4.S72.000 

7.000 

Chronic  diarrhcBB  and  tetany. 

U 

80 

M 

fl,008.OO0 

6.460 

S9 

Chronic  diarrhiPH  (luberculousT) 

'  But  a  Bummer  diarrhica  without  signs  of  colitis  Zahorsky  (N  Y.  Mea 
Joum.,  1908,  vol.  78.  p.  SO.^}  finds  Uie  polyinielesrs  increased  and  the  lymph- 
ocytes diminished  in  proportion  to  the  severity  of  the  case. 

*  Joumal  of  the  Americsu  Medical  Association,  February  ad,  ISOl 
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l-erreDl 

oelh. 

SlfX 

2,198  000 

5,800 

4S 

2.224,000 

87 

3.484,00( 

U 

xwn.m 

40 

1.97fl,000 

4a 

5.600 

90 

4.900.00( 

5.aM 

80 

a.-m 

80 

2.»9a.00( 

0.000 

87 

4.500.(KK 

Q,000 

70 

8.»9O,00( 

6.000 

70 

SflOO 

80 

Febnwry  14tli.    Ciii 

Severe  stfcoDiUiry  a 
February  19th. 
February  25tU. 
Murcli  4th.    Uiff.  ( 

Folyniiclear.  49  per  a 

cyteH.  S8*.  eosiiioplilles,  if;  liiye- 

locytL',  1 ;  nonuDbtaste,  2 :  lui-'giUct- 

blast,  1. 

Bloody  atoolH  Uri  days. 
Catarrhul  eni^ro-co  litis 
CliruDlc  f<) litis, 
Otnrrliii^n. 
Chmiiir  CO  I  His. 


CHRONIC  DIAItnHffiA. 

(See  Table  XLVI) 
III  ai'iile  (I idri'lii i>a  tin^  olluT  tissues  responil  to  meet  the  Inss  of 
fluid  sustained  by  the  blood,  aiid  the  blood  is  soon  normal  again. 
But  when  this  process  goes  on  long,  the  body  ((ecoinea  bo  wasted 
that  the  blood  must  share  in  the  starvation  and  the  albuminoids  are 
drained  out  of  it,  leaving  it  watery  and  poor  in  corpuscles,  A  pa- 
tient of  Grawitz  after  years  of  chi-onic  dysentery  had  Imt  1,880,000 
red  cells  per  cubic  millunetre,  while  the  semni  had  twice  the  nor- 
mal amount  of  water  and  half  the  noiinal  amount  of  solids.  I 
have  seen  the  count  fall  as  low  as  1,928,000  in  a  case  of  prolonged 
colitis,  with  final  i-ecovery.  In  another  case  the  red  cells  reached 
no  lower  than  2,440,000,  but  the  liiemoglobin  was  only  ten  per  cent. 
A  differential  count  of  this  man's  lilood  showed  the  following; 

Per  e«dt. 

Polymorplionucleiir  ntiitrojiiilk's  .  . 66.3 

Lympbocylcs  (small) 24.9 

Lympliocylfs  (large)   6.0 

Eosinopiiiles.'  . .     ..... 1-4 

Myelocytes.    , . .       1.4 

While  counting  400  leucocytes  I  saw  8  normoblasts  .ind  5  niegalo- 

blasts.     The  total  leucocyte  count  was  51,800  per  cubic  millimetre. 

('iscs  8,  ir>,  and  10  of  the  series  in  Table  XLVI  showed  Bimi- 
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lar  conditions.     The  haemoglobin,  however,  usually  suffers  most, 
and  the  color  index  is  low. 

Leucocytosis  is  rare,  but  does  occasionally  occur,  possibly  owing 
to  some  complication  or  auto-intoxication. 


Table  XLVII.— Intestinal  Obstruction. 


c 


8 
4 

5 
6 


I 

8 
9 


10 
11 
12 


Affe. 


1  mo. 


52 

66 
Adult. 


47 
50 
35 


21 
56 
57 

13'Adult. 

14:     45 

15 

10 

17! 


72 

29 

58 


18  Adult. 

19  Adult. 


Sex. 


M. 


M. 


F. 

M. 

M. 
F. 
F. 
M. 

M. 


iM. 
M. 


Red  cells. 


8.120,000 
5,568,000 


3,504,000 

5,150,000 
4,440.000 
4,272,000 
5,800,000 

4.850.666 


4.480.000 
5,200,000 
5,540,000 


White 
cells. 

Percent 
hsemo- 
globin. 

84.200 

•   • 

22,100 

■   • 

21,700 

•  • 

20.800 

•  • 

18,860 

•   • 

18,800 

•  • 

15,400 

85 

14,666 

•  • 

12,400 

•  • 

4,100 

•  • 

18.800 

75 

12,200 

•  • 

12.000 

•  • 

12.000 

•  ■ 

12.000 

52 

11.000 

75 

6,800 

6.600 

60 

6.000 

6.000 

•   • 

5.800 

90 

4.000 

4,000 

Ramarks. 


iDtussusception,  died. 
Twenty-first    day,     strangulated 

hernia. 
Twenty -second  day,  autopsy. 
Cancer. 

May  6th,  cancer. 
May  17th,  cancer. 

No  faeces  three  days. 

No  urine  two  days. 

One  day    later,    no  faeces;    urine 

drawn  by  catheter. 
Three  days  later,  bowels  moved  six 

times. 

Cancer  of  uterus. 

Chronic  obstruction  with   hemor- 
rhage. 
Obstruction  (by  a  band). 
Cancer. 
Cancer. 

Double  ovarian  cyst. 

Obstruction  by  band :  operated. 
Cancer. 


CJiolera  is  discussed  on  page  231. 

For  Appendicitis  see  Abscess,  page  245. 

INTESTINAL  OBSTRUCTION. 

Gushing'  in  1898  first  noted  the  leucocytosis  (presumably  toxse- 
niic)  associated  with  intestinal  obstruction. 

IMoodgood's'  conclusions  are  as  follows: 

Within  a  few  hours  of  the  occurrence  of  obstruction  the  leuco- 
cytes rise  rapidly.     If  obstruction  is  partial  the  counts  are  between 

'  Ciishing:  J.  Hopkins  Bull.,  November,  1808. 
*Bloodgood:  Prog.  Med.,  Decrcmlier,  1901. 
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1,000;  if  complete  usiiully  20,000  or  more.  The  Iiiglier 
runL  and  tiie  shorter  the  duration  tlie  greatei  the  probability  of 
me,  If  there  is  a  count  of  over  ^,000  withiu  thefirsitwentj- 
urs,  tlie  chauces  are  that  gaiigi-eiie  is  present,  Ou  the  seooit<l 
couiits  do  not  change  much.  Tlieu  if  gangrene  or  peritonitis 
he  count  begins  to  fall,  othertrise  the  count  remains  high  until 
■th  or  afth  day,  when  the  leucocytes  gradually  fall  whatever 
ditiou  of  the  aWoraen.  If  after  three  days  of  obstrnctioa  the 
i  still  over  20,000,  the  prognosis  is  good.  If  the  count  ia  be- 
000,  the  probability  is  that  gangrene,  peritonitis,  or  fatal 
jxication  lias  occurred.  Bloodgood  thinks  the  leucocyte  count 
lvalue  on  post-operative  complication  suggesting  ubstructiuu 

DISEASES    OF    THE    LIVER 
CATAHHHAL  JAUNDICE. 


le  serum  is  colored  yellow  or  greenish-yellow  and  contains  bill 
Sita  in  solution.     It  has  been  asserted  that  jaundice 


^zed  hero  before  it  shows  in  the  skin  or  uruie,  In  mild  cases, 
when  some  bilu  goes  to  the  intestine  and  the  obstruction  is  not 
oi  hiiig  standing,  t!ir  blood  is  practirally  normal,  as  the  cases  in 
Table  XLVIII.  show,  Acliard  and  Loeper '  studied  twenty-fonr 
cases  of  jaundice  of  various  origins  and  found  in  the  cataiThal 
type  at  the  beginning  a  slight  polynuclear  leucocy tosis ;  at  the 
end   a  low   percentage  of   polynuclears  with   slight   eosinophilia. 

Table  XLVIIL— CATAHnnAL  Jaundice. 


ivr«.n. 

Afre. 

Slobi'n. 

47 

14,700 

tkven  weeks.    Catarrhal  (?). 

«n 

11.100 

85 

21 

M, 

10,500 

81 

2(1 

10,400 

80 

10.200 

*1 

10,000 

63 

25 

F. 

4.810.000 

10,000 
10,000 
8.0O0 

77 
90 

m 

V 

9,000 

68 

0,200 

4S 

3,896.000 

8,7T.'> 

47 

Alcoholic  gaatritis. 

(*,100 

75 

'  Actaard  nod  Loeper:  Soc.  do  Biol..  iOOl.  p.  217. 
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Table  XLVIIL— Catarrhal  Jaundice  (OtmUnued), 


Percent 

Age. 

Sex. 

•  • 

Red  cells. 

Wbite  cells. 

lunno- 
ffloMn. 

Eemaifts. 

40 

8,000 

28 

■  • 

•  ••.«••• 

8.000 

87 

•  • 

7,500 

80 

ft  • 

7,500 

26 

M. 

•  •  •       •   •  •  • 

7.500 

21 

M. 

4,800,000 

7,500 

65 

44 

•  • 

••%••••■ 

7.500 

70 

80 

M. 

•  •  •      •  •  •   • 

7,400 

64 

80 

M. 

•  •   -       •  •   • 

7.800 

48 

•  • 

8,080.000 

7,000 

45 

August  18th. 

7,240 

•  • 

August  14th. 

58 

M. 

4,240,000 

6.798 

79 

24 

•  • 

6.800 

44 

•  •  •              •  • 

6,200 

•  • 

Obstruction. 

29 

M. 

6.200 

82 

•  • 

M. 

4.'996,bb0 

6.000 

78 

24 

•  • 

6,000 

78 

28 

• 

•  •      •  ■  •  • 

5,500 

90 

25 

• 

5,400 

80 

Polynuclears,  78  per  cent;  lympho- 
cytes, 19;  eosinophiles,  1;  myelo- 
cytes, 0.75;  1.25  (f);  reds  pale,  de- 
formed; 1  normoblast. 

24 

•  • 

5,400 

90 

82 

•  • 

5,800 

•  • 

March  16th. 

5,'6o6.bbb 

4.700 

75 

STy 

M. 

4,850,000 

4.900 

85 

44 

• 

8,168,000 

4.800 

85 

29 

F. 

•  •  •   •      t  ft  • 

4.200 
9,600 

85 

19 

F. 

4,000 

Only  one  of  these  cases  shows  any  leucocytosis,  and  the  red  cells 
and  haemoglobin  have  not  suffered  except  in  the  alcoholic  case 
in  which  other  causes  for  ansemia  were  present.  This  is  contrary 
to  the  observations  of  Grawitz,  who  constantly  found  leucocytosis, 
but  agrees  with  those  of  v.  Limbeck  and  Hayem,  who  never  found 
any  increase  of  leucocytes  or  any  other  changes  in  the  blood  count. 
Coagulation  in  this  or  any  other  type  of  obstructive  jaundice  may 
\ye  very  slow,  but  this  is  especially  apt  to  be  true  in  gall-stone  cases 
even  if  no  jaundice  is  present.  Coagulation  may  be  increased  to 
eleven  minutes  (Osier)  and  patients  may  bleed  to  death  during 
operation  on  gall  stones.  The  amount  of  fibrin  is  normal.  Von 
Limbeck  noticed  an  increased  resistance  of  the  red  cells  to  the  influ- 
ence of  distilled  water  and  dilute  saline  solutions  which  in  normal 
blood  dissolve  the  hjemoglobin.  He  asserted  also  that  the  size  of 
the  red  corpuscles  was  greater  than  normal^  their  Yolume  in  a  given 
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tilood  being  se veil tj-se veil  to  eigbty-one  per  cent  (i.e., 
.     p  seventy-seven  to  eighlj--oiie  per  cent  of  tlie  room  ocou- 
i  by  the  drop),  vhile  the  normal  is  Eibout  forty-four  per  cent.' 

Qualitative  Chan  yes- 

twitz  noted  in  severe  cases  that  crenatiou  took  place  much 

rapidly  than  usual  lu  fi'eshly  drawn  blood,  and  that  the  rou- 

formation  did  not  take  place.      This  latter  point  was  also 

>d  by  Hofmeier '  in  icterus  of  the  iiew-boru.     Silbermann  *  no- 

in  the  same  disease  gi'eat  deformities  in  the  size  and  shape  of 

cells       In  severe  febrile  icterus  Weintraud  noted   lu  the  red 

[  the  white  spots  and  streaks  with  active  (m^l^ul^r)  movements 

^ribed  by  ftlaragliauo  (see  page  79)  as  eudoglobular  degenerative 

uiges. 

Sumniftri/, 

Occasionally  there  is  slight  leucocytosis  at  the  onset,  otherwise 
al  blood,  with  some  degenerative  changes  in  severe  cases. 

Diiii/nostie   I 'aliw. 

The  eoDstaut  presence  of  leucocy  tosis  excludes  an  uncomplicated 
"cataiThal"  jaundice,  and  points  to  the  probability  of  malignant 
disease  or  inflammation  (cholangitis,  abscess)  Syphilis  and  cir- 
rhosis of  the  liver  might  show  the  same  condition  of  the  blood 
From  a  severe  cholaemia  the  absence  of  any  marked  anaemia  and 
leucocy  tosis  distinguishes  a  purely  catarrhal  case.  (For  the  changes 
iu  cliolseiuia  see  page  339.) 

CIHHHOSiS   OF  THE  UVER, 

1.  Ordinaey  (Atrophic)  Cirrhosis  Without  Jaundice. 

In  the  early  stages  {according  to  Hayeiu)  neither  the  red  cells 
nor  the  haemoglobin  fall  considerably.  Most  other  observers  (per- 
haps thinking  chiefly  of  tlie  later  stages)  report  marked  anaemia. 
In  Da  Costa's  18  cases  the  red  cells  averaged  3,404,000  and  the 
luemoglobin  47  per  cent.     Wlajew'   counted   from  3,000,000  to 

'  Cappa  (Joum.  Mi^d,  Ik'scarcli,  Di^ccmber,  ]003)  Itnds  uo  such  change. 
'"Die  Gelbsucht  lier  Neugeborenen."  Stuttgart,  1882. 
•"DleaelhaiiclitderNeugeborenen,"    Anli.  f.  Kinderheilk..  1887,  p.  401. 
«Ref.  in  Petersburger  med.  Woch,,  18»4,  No,  43. 
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4,000,000  red  cells.  Tiie  count  may  bo  increased  after  a  tapping  in 
cases  with  ascites,  owing  to  the  conceutratiou  of  the  lilood  from  the 
rapid  leiilliiig  of  the  lielly  with  serum,  (jiawicz,  on  the  other  hand, 
noticed  precisely  the  opposite  effect  in  a  patient  whose  blood  before 
tapping  had  been  concentrated  by  cyanosis,  the  heart's  action  being 
embarrassed  by  the  ascites.  After  tapping,  when  the  heart's  action 
had  become  easier  and  stronger,  the  cyanosis  disapi>eared  and  the 
blood  count  fell  from  4,700,000  to  4,300,000.  In  v  Limbeck's 
case  it  rose  from  4,(i80,000  to  5,160,000-  The  moral  is  that  we 
should  dvaw  no  inferences  from  the  count  of  red  cells  soon  after  a 
tapping. 

The  forty-Uiree  cases  in  Table  XLIX. ,  A  ,  were  all  advanced 
and  their  red  cells  averaged  only  3,580,000  +  per  cubic  millimetre- 
Tliey  steadily  decrease  as  the  disease  progresses,  one  case  getting 
as  low  as  1,300,000;  but  the  aiiBBUiia  may  be  concealed  by  cyanosis 
and  concentration. 

Qualitative  Changes. 

Hayeni  noticed  spontaneous  agglutination  of  the  erythrocytes,  a 
great  tendency  to  adhere  to  each  other.  Von  Limbeck  looked  for 
it,  but  could  never  find  it.  Hayeni  and  Maragliano  noticed  degeu. 
erative  endoglobular  changes  In  the  red  ceils  {"etat  erUm/orme"). 


Tahi-b  XLIX. 

A.— CiKRHOTic  LiVEii  wiTHotT  Jal-ndick. 

Wh»« 

Percent 

i 

Ave. 

Sei. 

BM  cella 

«iK 

gliAln. 

nenurlu. 

I 

58 

4,604.000 

2U.S00 
I8..W0 

60 

Temp.  tno\     Dfliriuni  ireinens. 

Founl.  tiav. 

lotcfllhml  hemorrbsge.    Difl.  count 

s 

8S 

we.ooo 

26.000 

30 

000   cells;     Polytmclcur.    85  per 

cent;     lyujpliocytca.   14;  eosino- 

ph ilea,  0.8:  myelocytes,  0.8:  nor- 

1.782,000 

10,800 

26 

Sevenlli  day.    Diff-  count  000  cells: 
Polyniiclear,  88   per  cent;   lylii- 
pli'K-yies,     10:    eosinoptiileK,    1; 

3.4IMI.000 

IB.OOO 

28 

Fourteenth  day. 

8.098.000 

14.000 

35 

Thirtieth  duv. 

8 

S8 

28.400 

First  day.    Ursmic  symptoms. 
Eleventh  dsj.     Autopsy. 

B.800 

♦ 

M 

16,900 
8.400 

58 

December  2l8t. 

- 

4,000.000 

December  24lli. 

6 

HI 

lasoo 

80 

Hfi'moptysis,     Autopsy. 

e 

S8 

F. 

3,'956.'obb 

ltt,000 

Kt-ccui  heniorrhage. 

SPECIAL  PATHOLOGY   OP  THB  BLOOD. 
,IS.,  A.— CiRRHOTir  l.ivEit  winiocT  jKtsauEiChatinfuOi. 


PfffCTlt 

Betuarki. 

■ 

globln. 

.. 

8,'m».«W 

14,000 
18.000 

95 

Withmitml  disease.                         . 

M. 

4.800.000 

13,700 
11.800 

55 

Liver  enlarged.    Ascites. 

11,600 

60 

Autopsy.                                         J 

i.m.m 

11,500 

50 

J 

10,500 

60 

J 

10.000 

1 

4.6si'(m 

9.800 

5S 

1 

M. 

4.oea.ooo 

9,000 

U 

H. 

8.130.000 

8,000 

28 

March  ISiii.                                   M 

1.300,000 

7,600 

19 
19 

April  8lh.                                      ■ 
April  18th.                                         ■ 
April  30111,                               _■ 

3,SS0,000 

6,000 

20 

May  10th.                           K  ^fl 

2.875,000 

5,800 

36 

May                                     ^^M 

3.4.W.000 

,i.aoo 

ao 

Juuc  10th.                           ^^^H 

4.500,000 

7,800 

25 

June  lOlh.                           ^^^H 

e.ooo 

63 

Hypertrtipby.                     ■    ^B 

8.106,(»0 

8,400 

43 

si. 

8.440,000 

8,830 

48 

Liver  enlarged.                             1 

H. 

7.9O0 

99 

1 

a 

7,800 

Tapped;  144  ounces.                      ^ 

B8 

9.860,000 

7.B0U 

S5 

M. 

7,500 

68 

toj  47 

7.500 

70 

aol  (M 

8,400 

85 

271  57 

B,7«,obb 

6,400 

58 

ml  48 

2,820,000 

6.800 

89 

36,  08 

6.200 

60 

80  48 

4,888.000 

6.100 

69 

8l|  88 

P. 

9,700 

69 

5,'730.bob 

5,200 

40 

DifTereDlial  normal  count. 

82  4n 

2.«8O.0O0 

9,900 

40 

8S    U 

8,480.000 

0.5OO 

55 

8-11  54 

M, 

B.400 

64 

8.^  48 

9.200 

80 

80:  50 

M. 

4,'68d.bbb 

5.000 

48 

Liver  atrophic,  July  12Ui. 

4,313.000 

4.000 

63 

Juiv  3.'ilh 

"i" 

M, 

8,920,000 

4.500 
18.400 

96 

OcWbcr  80lh. 

Nevember  7Ih.  during  digegtloiL 

NovemtKr  Illb.  duriug  digestion. 

19.800 

89  08 

M. 

8.H00 

73 

80  94 

P. 

8.300 

65 

40  08 

M. 

8,M4.bbb 

8.000 

41  i  40 

2.000 

80 

42^  no 

Ji 

8,'sn8.obb 

2.400 

50 

48|  53 

M 

8,440.000 

3.400 

50 

HtEJHOfflobin. 

Usually  the  color  index  ia  low;  the  average  was  0.66  in  the  ten 
Massachusetts  General  Hospital  cases. 
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V            Except  during  severe  nervous  manifeBtatioua  of  toxieniia  and 

H        after  recent  hemonhage  none  of  out  cases  showed  any  leucocytosia 

"         and  tlie  average  count  was  7,240,  some  cases  having  notably  low 

tignres  (2,400,  3,000,  4,500). 

Hayem's  and  l>a  Costa's  results  agree  with  mine      Von  Lim- 

beck makes  no  definite  statement.     Rosenstein  and  Wlajew  found 

leucocytosis,  the  latter  12,000  to  17,000.     Possibly  their  cases  in- 

clude tlie  forms  of  cirrhosis  ivtth  jaundice  in  which  (see  Table 

XLIX.,  B)  Uie  white  cells  are  more  often  increased. 

The  forms  of  hypertrophic  cirrhosis  tcithout  jaundice  are  here 

classed  with  the  atrophic  cases  whose  blood  has  just  been  described. 

Tablb  XLIX.,  B.— CtRRROTic  Liter  with  Jackdick. 

Percent 

■ 

sex. 

Bedcellx. 

Bemirki.                                            ^ 

i. 

Blown. 

1 

~ 

M 

86.400 

85 

DMtU.                                                                         1 

2 

29 

8,'7'()6.'obb 

20,000 

80 

ToilIc  Hvniptoms.      Delirious.                           ■ 

8 

42 

M. 

1.034.000 

10.600 

86 

AiibipBy.                                                            ■ 

4 

88 

M. 

8,400.000 

19.500 

50 

I 

5 

88 

3.3B2.000 

lu.aoo 

55 

SypbttU.                                                             I 
lireiiiopiysis.    Dflirious.     Death.                     M 
Temp.  I09"-104=.     Liver  enlarged.                  M 

6 

51 

8.900,000 

10.300 

47 

83 

18.200 

65 

8 

88 

15,600 

m 

8 

4S 

H. 

14.000 

65 

Liver  fDlarged.                                                 ■ 

10 

49 

4,338,'obo 

18.000 
84,500 

55 

July  14tl].                                                         ■ 
July28<l.    Autopsy.                                      fl 

11 

38 



12.400 

65 

Ascilea.                                                 ^^^H 

13 

87 

12,200 

63 

^^H 

16 

as 

5,016.000 

12,000 

Liver  enlarged.                                   ^^^^^H 

14 

20 

11.600 

85 

^^H 

15 

37 

10,500 

85 

Atrophic.                                               ^^^^1 

16 

48 

10.000 

78 

■ 

84 

9.800 

Ascites.                                                             1 

18 

58 

i'Mo.boo 

8.800 

I 

19 

88 

8,740.000 

8.700 

SO 

Differential  comn,  400  cells:  Poly-                   ■ 
Diiclenr,  87    p^r  cent:    lyrnpho.                   ■ 

blast.  1.                                                            I 
TweutieCh  day.     Higb  fever,  toxic                      1 

19,200 

svmpioms.                                                       ■ 

23,000 

Twenty-fourth  day.    Hlgli  fever.                    ■ 
Toxic  symptoms.    Autopsy.                           1 

SO 

49 

8.fl(W 

85 

81 

33 

H.IHIO 

70 

J 

82 

65 

8,100 

75 

Hvpertropbtc.                                       ^^^^H 

es 

65 

7.800 

80 

^^^M 

34 

65 

6.800 

64 

Hypertropblc.                                    ^^^B 

351  S4  1  . .  1  B.868.000 1     5.29)  1      Qti      i     '  '                                                    ^^^H 
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LIX.,  B.— CiitnnoTic  Liver  with  Jal'sdice  (Ooniiiiued) 


RedmlU. 

r- 

Ikihln. 

1,872.000 
i.  840.000 
^.M4.000 

!,0tt4,000 
!,9M.000 

4.600 

'4.800 

3.400 

SO 
03 

es 
so 

54 

April  20lli. 
May  Bill. 
June  ISlh. 

JaunditL'  only  transicDt. 
Autopay  (hypertrophic  diTlim(»). 
Polynuclcar  cvIIb.  83  peroeat ;  )}'iu- 
phftcytes.  17*. 

2.   Hakot's   Cikhhosis.  1 

Jied  CelU.  I 

?nte  (biliary)  hyportro[iliio  cirrliosis  with  jaundice  has,  according 
lyeiii,  au  intenati  ausemia  in  many  eiises  In  nthers  it  lia.i  u<> 
effect  on  tlie  Ulood  than  ordinary  atrophic  cirrhosis.  I  hare 
r  met  with  n  case, 

ffifmfiylobln. 

lu  a  single  cuse  of  this  variety  of  cirrtiosis  HByem  fonnd  in  ftnir 
SUf»:essive  blood  examinations  a  color  index  of  more  than  1.  His 
counts  are  as  follows : 


p.„. 

nea^u.. 

trblle  rplla. 

Pe.ce.. 

Color  indei. 

i.wn.ooo 

1,884,000 
1, 70^,000 
1,971,000 

21.868' 
18.082 
15.500 

41 

50 
50 
53 

Dried  speeimena  showed  an  increased  average  diameter  of  the 
cells  as  in  pernicious  aniemia.  The  patient  died  January  loth, 
and  the  autopsy  eonlirnied  the  diagnosis  of  liypertropliic  cirrhosis. 

Only  one  of  our  cases  of  hypertr<i]>hi<;  cirrhosis  with  jaundice 
showed  this  condition— ('ase  27  in  Table  XLIX.,  B.  The  corpus- 
cles numbered  L',0f>4,000,  or  40  per  cent,  and  tlie  IiEemoglobin 
50  per  cent,  a  color  index  of  1.1'i).  This  case  was  jaundiced  at  the 
time  of  the  examination. 

I  liave  seen  no  confirmation  of  Hayeni's  observations  by  any  other 
writer. 


W/tife  C<-lls. 

In  Hannf  s  eirrlioaia  leucoeytosis  is  apparently  coiumoner  thaii 
ill  tlie  utiier  vutieties.  Haiiotand  Heimicrfouod  from  9,000  to  21,- 
800  leiicot-ytea  per  culiio  iiiiUiiuetre  in  five  cases,  and  an  average  of 
6,600  ill  oiiliuaiy  cirrhosis.  Ainuiig  the  29  jaundiced  cases  of  cir- 
rhosis ill  Jiiy  series,  14  (about  fifty  ]>er  cent)  showed  leucoeytosis, 
due,  I  conjecture,  to  the  relatively  late  toxieniic  stage  in  which  most 
of  these  cases  were  at  the  time  the  Mood  was  taken  The  toxsuiia 
of  fibrous  hepatitis,  like  that  of  fihroua  nephritis,  is  probably  capa- 
ble of  proilufiiig  leuoocytoBis.  Similarly  high  counts  were  found 
iu  some  of  the  noii-jiiuiidiced  cases  while  in  the  toxemic  state. 
DiaQnoitlo    Value. 

The  blood  of  eitlier  form  of  cirrhosis  has  no  diagnostic  value,  so 
far  as  I  know,  except  to  exclude  abscess  and  hydatids  If  no  leuco- 
eytosis is  present,  abscess  and  hydatid  cyst  can  usually  be  excluded 

HYDATID  CYST  OP  THE  LIVER, 

The  earlier  observations  which  I  have  met  with  are  those  of 
Hftjem  and  Neusser.  Hayem  states  that  the  blood  shows  leucoey- 
tosis and  increased  filiriu.  Seusser  considers  that  the  ineriaee  of 
eosinophiles  which  he  finds  iu  hydatids  serves  to  distinguish  them 
from  hydronephrosis,  dilated  gall  bladder,  etc,  Neusser's  discovery 
of  eosiuophilia  iu  hydatid  disease  hns  l>een  abuudautly  coiifirnted  of 
late.  Memmi  '  in  12 cases  found  10  to  18  percent  of  eosinophiles; 
Dargiiui  and  Triboudeau '  add  one  similar  case,  and  others  are  men- 
tioned by  Aehard  and  Clerc '  (up  to  40  per  -cent  of  eosinophiles) 
by  Laubry  '  (10  per  cent),  and  by  Abb^'  (4  ]jer  cent).  Tuffier  and 
Uiliau*  give  brief  notes  of  5  cases  with  4  to  8  per  cent  of  eosono- 
philes  out  of  10,000  tci  16,000  leucocytes.  Lupine'  iu  hydatid  of  the 
liver  counted  28,000  leucocytes  with  18  per  cent  eosinophiles  (4,500 
absolutely) . 

Beligman  and  Dudgeon*  report  the  following  observations  in 
hydatid  of  the  liver; 

<  MeiDiiil :  Kef.  In  La  Sem.  Hod.,  November  18t1i,  1001. 

*  Darguin  uml  Trilwodeau ^  Presse  Mwl.,  NovemltLT  fltli,  IBOl. 

'Aehard  and  Clerc;  Ref.  in  Arch,  G6d.  de  Med..  lW)a.  p.  748. 

•Laubry;  Ibidem.  'Abbe:  Ibidtm. 

*TufBer  sail  Millaa;  Soc.  de  Cbirurg..  February  2Blb,  1903 

'  Lepioe;  Sw-  de  Biol,.  Mareli  Bth,  1902. 

'  SellgmaD  and  Dudgeon ;  Lancet.  Jimo  Slsl,  1902. 
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Dmle. 

itedwni. 

II 

ili'lli 

Wli 

11 

.™^ 

1901- 

Jul.  18th  ... 
teh  SOth     . 
IbndilStli.. 

«.S90,000 

17,000 

70 

27.0 

33.0  ;  20.0 

10 

Btfore  operatioB. 

a.m.iwo 

7.000 
7.000 

13-0 
1.0 
B.2 

50.0 

ao.o 

78.2 

a»,o 
ao.o 

23.2 

1.0 
1.0 
1.4 

Three  lUys  afwr 
draiuiDg  cyst 

Fn-e  purulent 
diacbar^. 

More  cvfits  BTac 

April  M.... 

1.0 

tM.5 

84.1 

0    1    """^ 

Lougridge  '  reports  a.  similar  uaae  with  the  following  figures: 
Bed  cells,  4,400,000;  white  cells,  7,300:  hffiinoglobin,  84.  Differ- 
ential count :  Polyouclear,  63. 4;  lymphooytes,  23  6;  large  myelo- 
cytes, 8  2;  eosinophiles,  5.8  per  cent. 

In  a  second  caHe  with  suppuration  in  the  cyst  the  leuoooytes 
were  18,000  with  1  4  per  cent  of  eosinophiles  (252  absolute). 

Sabrazes '  in  7  cases  fotiud  always  an  increase  in  tlie  eosinophile 
cells,  soineliiues  slight  and  sometimes  considerable;  in  tissues  in 
the  ueighborhotKl  uf  the  cysts  there  was  always  a  great  accumulation 
of  the  cusinopliile  cells.  It  therefore  appears  tliat  the  eohinocooet 
have  a  positive  chemotaxis  toward  the  eosinophile  cells.  Polyeytw- 
sis,  polychromatosis,  nucleated  reds,  or  red  cells  with  basophilic 
granules  were  not  observed.  Unually  there  was  a  leuocytosis, 
although  sometimes  it  was  not  present 

From  these  records  of  over  thirty  cases  it  appears  tliat  *o*iJW>- 
phllia  ia  the  rule  In  hydatid  dUeii»e  iritlioiif  aujipiiratioit.  Only 
two  negative  oases  are  so  far  on  record  (Bezancon  and  Weil '  and 
Gourajid.'     In  three  cases  I  recorded  the  following: 


EcHisococcoB  CrsT. 

NO. 

*>te. 

BhInIK. 

Wblle  cell*. 

Percei 

BenurtiL 

1 
3 
8 

81 

3.664.000 

8.850 

11,000 
34.000 

48 

95 

Icelwd. 

'Loayridge:  Brit,  Med,  Jour..  November  8ili.  1901. 
•8abraKea;  MQnch.  raed.  Woch,,  March  31st,  1908, 
*BtzancoQ  and  WeiL  Arch.  Gen.  dc  Med,,  1902,  p.  748. 
'G'jiimnd.    Soc.  Anaiom.,  January  10th,  1000 
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ACUTE  YELLOW  ATROPHY  OF  THE  LIVER 

Grawitz  records  a  case  with  5,150,000  red  cells  and  16,000 
white  cells. 

A  single  case  with  autopsy  was  studied  at  the  Massachusetts 
General  Hospital  in  1894,  the  bluud  showing  5,520,000  red  cells, 
1:^,000  white  cells,  and  60  per  cent  of  hsenioglobin. 

Ewing  i-eports  three  oases  with  leueocytosis,  15,000  to  21,000. 
"  The  absence  of  rouleaux  and  early  crenation  mentioned  by  Grawitz 
were  not  noted." 

PHOSPHORUS  POISONING. 


Taussig,'  V.  Jaksch,"  Uadt,"  and  v.  Limbeck'  note  an  i 
in  the  uormal  number  of  red  cells  per  cubic  millimetre.  Taussig 
found  8.650,000  per  cubic  millimetre;  Badt,  6,400;000,  6,SOO,O0O, 
aud  6,800,000  in  three  sueceasive  cases;  v.  Liniheck,  6,500,000  aiid 
7,900,000.  That  this  increase  is  not  due  to  concentration  of  the 
blood  through  vumitiug  of  liquid  is  proved  by  v.  Limbeck's  laat 
case,  ill  which  no  vomiting  whatever  took  place. 

The  count  usually  falls  to  normal  within  a  few  days.  All  these 
changes  were  verified  in  thirty-three  cases  at  the  Stockholm  Hos- 
pital iu  1892  (see  Stockliolm  reports  for  1892). 

The  white  cells  in  v.  Limljeck's  second  case  were  increased  to 
12,.'r00.  Iu  V.  Jaksch's  five  cases  the  counts  were  58,750,  48,000, 
8,000,  4,070,  aud  3,400. 

TOX.EMIA   IS  HEPATIC  DISEASE  ("CHOL^MIA"). 

Wheu  jaundice  is  intense  and  of  long  standing,  as  in  complete 
obstruciion  of  the  bile  ducts  by  gall  stones  or  tumors,  the  blooil  is 
-weakened  very  notably,  and  liKiuoglobiu  and  the  count  of  corpus- 
cles fall  steadily.  Very  little  is  to  be  learned  upon  the  subject 
from  the  literature,  but  tlie  qualitative  changes  mentioued  under 
catarrhal  jaundice  are  much  luore  marked,  aud  leueocytosis  is  apt 
to  be  present.  I  have  studied  the  blood  in  one  ease  of  fatal  chronic 
jaundice  without  fever  and  for  which  at  autopsy  no  cause  was 
found.     The  leucocytes  ranged  between  12,000  and  14,000. 

'  Arch.  f.  experiment.  Paiti.  und  PliKrm,.  vol.  xxx. 

'  Deut  med,  Woch..  18B8,  p.  10. 

'  Dissert..  Berlin.  1891.  '  Loc.  cil..  p.  S*. 
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^L                                                              GALL                                                          ^^^1 

^^^^H          Netter '  and  Sittmann '  found  pfogviiic  organisms  in  onlttu^ 

^^^^^^k  from  tlie  blood  of  patients  with  gail  atouea,  as  have  GilU-rt  uiid 

^^^^f  Girode'  and  otiiers.     Tlia  shu-  cou'/ulalion  is  of  great  suigioal  im- 

^^^^^     portaiice.     Da  Costa  in  8S  cases  found  tliat  "gall  Atoue  doeit  not 

^               of  itself  excite   leiiwx-ytosisi ";    apute  inflauiniatory  complicatioiia 

B               raised  the  count  in  alioiit  one-third  of  his  cases      The  niaxiinuui  in 

H               28  cases  was  18,800,  tlm  average  10,100. 

^M                       Oi  the  50  cases  uf  thin  disease  examined  at  the  MassaehusetU 

^t^^^    General  Hospital  2  were  complicated  with  cholangitis  (we  Table 

^^^^^K    Zi.,  A)      Excluding  these  2,  marked  leucocytosis  was  present  in 

^^^^B  only  5  <)f  50  leases.     The  red  cells  were  low  is  2  cases  (2,800,000 

^^^f  and  3,UOO,000). 

^^^^^^           The  absence  of  leucocytosis  helps  us  to  distinguisli  the  diseaae 

H              langitis. 

^H                                                     Tablb  L..  a.— Qai.l  I^tonks. 

H 

I'wn.nl 

■         1 

JW* 

Stx. 

B«l(«Ut. 

""■" 

gluMn. 

Kamarti. 

t 

25 

3IH,300 

9 

89 

P. 

4,7fB.0()b 

24,001) 

ChdUngltisulw). 

.     8 

84 

34,000 
26.400 
22.000 

80 

MBy7Ih,    Hyirops  of  gall  bladder. 
May  Hib, 
Miiv  lOtli. 

4 

SO 

F. 

4,830,  (MX) 

£0,000 

Cholangiiia,     Aulopay, 

5 

63 

F. 

4.610.  (MX) 

la.ax) 

e 

39 

M. 

16.900 
13,200 
10.  (MM) 

D<-ffLiiliprl«Ui, 
Deci'mlier  IStli, 
I»m-mberaisl, 

7 

00 

14,  not) 
2O,70U 
15,000 

Firsl  <1av,     Pu!i  In  gall  bladder. 

FtiLirtli  duy. 

Fifth  day.     0|)iTallou. 

s 

40 

F. 

4.1520,000 

1!!,000 

B 

eo 

F. 

12.500 
11,500 

73 
70 

TemiJ.  100.5, 

10 

24 

13,000 

80 

Hydrops  of  khII  bladder. 

11 

3B 

11, BOO 

IS 

4fl 

4,' 176.000 

11,400 

45 

18 

68 

11,800 

Ohslruplivi.-  jaiiudice.                                    , 

M 

80 

tiw.bbo 

10.500 

65 

No  pain.                                                        J 

ia 

87 

10,800 

lu  colic,                                                         1 

i« 

40 

si. 

10.260 

1 

17 

80 

4.386.«» 

10.200 

45 

1 

18 

5S 

10,200 

.. 

In  pain,                                                   1 

I  Progris  Medical.  1886,  No,  46. 
'Deut,  Arcli,  f.  kliu,  Mel,,  1894,  p.  ! 
» La  Semaine  Med,,  1890,  No,  58, 
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Table  L.,  A— Gall  Stones  {Oontinued), 


>5 

19 
20 
21 
22 
23 
24 
2'> 


27 
28 
29 
30 
31 
32 
33 


m 

37 
3H 
39 
40 


41 
42 
43 
44 

4.5 
46 
47 

4M 

49 
50 


Age. 


60 
49 
40 
47 
56 
41 
32 


26    33 


82 
45 
38 
25 
40 
46 
27 


341  22 


25 
54 
50 
37 
54 
40 


48 
29 

37 

48 
58 
57 
51 
28 
24 


Sex. 


F. 


F. 
F. 
F. 


M. 

F. 


F. 


F. 
F. 
F. 


M. 
,  F. 

i  F. 

I 
I   •  • 

I  M. 


Red  cells. 


4.448.000 


5,072.000 


3.288.000 
4,900,000 


•       •  •  * 


4.386,000 
3.636.000 
2.844.  bob 


4.320,000 


White 
cells. 


10,000 
10,200 
10.000 
9,900 
9.800 
9.700 
9.400 
9.400 
9.400 
5,200 
9,200 
9.200 
8,900 
8.800 
8.800 
8.200 
8.200 
8.000 
8.000 
7.800 
7.700 
7.600 
7.600 
7.400 
3,700 
11,500 
15,100 
10,600 
7,400 
7,400 
7,400 
7.300 
8,200 
6,700 
6,000 
5,400 
5.300 
5.200 
4.000 


Percent 
basmo- 
fflobln. 


Remarks. 


58      I  Sixth  day.     Operation. 
90        Hydrops  of  gall  bladder. 
90       Jaundice. 


85 
90 


100 
60 


60 
80 
60 

50 

•  • 

40 

85 


64 
68 
68 


No  pain. 

No  pain  for  two  days.    Temp.  100' 

Colic. 

Colic. 

No  colic. 

Distended  gall  bladder. 
I  Jaundice. 

No  pain. 
I  Colic. 

;  Day  after  colic. 
'  Jaundice. 

I 

Between  attacks. 
i  Deep  jaundice. 


August  25th. 
August  27th. 
August  8l8t. 
September  6th. 
September  7th. 


October  Ist. 
October  5th. 
Between  attacks. 


In  colic,  proved  nt  operation. 
Recurrent  pain  and  jaundice. 


White  Cells  at  Entrance. 


Between    2.000  and    6.000  = 


u 


6.000 

8,000 

10.000 

12.000 

14,000 


u 


44 


8.000 
10.000 
12.000 
14.000 
16.000 


5  cases. 
15    " 
21     ** 
12 

4 

7 


u 
u 
a 


Ik'twi'cn  18.000  aod  18.000  = 

18,000    "    20,000  =    2    - 
aO.OOO    -    80,000  =    8    " 

Tolal 73    - 

Average  number  of  wbll«  rells.  10.000  4- 

CHOLANGITIS  AND  CHOLECT8T1TI8- 

i  the  leucoeytosis  ia  well  marked  whenever  the  infiamniatioD 

beyond  the  catarrhal  stage  (see  Table  L.,  H),  aiid   helps 

-"■iiide  simple  impneted  gall  stone,  with  or  without  colic 

ly  or  may  not  produce  leucocytosis,  but  does  not  usually 

:he  fibiiii  network      It  is  said  by  Hayem  that  oholatigitis 

uL  increase  It. 

good  (loc.  eif-)  concludes  that  "in  acute  eholecystitis  the 
cs  invariably  rise  to  fi-oui  20,000  to  27,000."     If  no  opera- 
ono  and  the  local  symptoms  abate,  tlie  count  falls.     In  chnmic 
titis  (8  cases)  the  leucocytes  were  from  5,000  to  12,000 
rmal).     "In  aholecyatitis  with  jnundice  and  stone  in  the 
on  duct"  (8  cases)  the  leucocytes  were  normal  (2,000  to  10,- 
One  patient  olwerved  from  the  bt'ginniug  of  an  acute   at- 
.  sbonvii  n  vising  leuc'K■yto:^i^  which  rcaclied  24.000  siid  ili.-i. 
fell  M  ^,000  as  the  acutti  locikj  eympioms  subsideii.     Jaundice  per- 
sisted and  at  operation  a  stone  was  found  in  the  common  duct. 
Table  L.,  B.— CHOL&Noma. 


Ho. 

AgB. 

aei. 

Bed  cells. 

White  wUk. 

BsmarfcE 

1 
« 

4 

21 
65 

F. 

I 

M. 

M. 

4,800.000 
0,400,000 
4.iW10.000 
4,970,000 

50,000 
80,000 
33,000 
14.800 
14,186 
11,000 

9,000 
6.800 
4,400 

Suppurative  clioisngitis. 
Jaundice  and  clioltemia. 

October  20tl>,     Operation  Oclober  SSd 
AI«ceBsot  liver. 

Catarrlial. 

CatarrliBl 

7 
8 

28 
84 

M. 

6.640,000 
S,  803.000 
■1.770.000 

Table  L..  C— Cnoi.iw 


Ko. 

A^. 

R«l.ell.. 

WMU-ce,.. 

"p..™, 

R«nar»». 

1 

2 
S 

24 

48 
86 



30.800 
26,40(1 
23.  (M» 
1.1,. 500 
22.  COO 

80 
00 

NovciiibiT  ad    Suppurative 

N.>vt.iiil«.T  4lh. 

FiM  ibiv.     Infectious. 

Tliir<l  iliiv. 

S,.p,.i,miiv,. 
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No. 

Asre. 
32 

Red  cells. 

White  cells. 

Percent 
hemoglobin. 

Remarks. 

4 

15.600 

78 

Qall  stones. 

5 

47 

14.100 

75 

July  14th. 

17,000 

•   • 

July  17th. 

6 

25 

12,200 

60 

7 

58 

10.700 

80 

8 

28 

8.500 

90 

9 

50 

8.300 

46,300 

•  • 

Ten  days  later.  Suppurative. 

Typhoid. 

Chronic.      Diff.    count   400 

10 

44 

8.602.000 

6,600 

50 

11 

47 

6,400 

75 

cells.   Poly  nuclear,  69  per 

cent;    small  lymphocytes, 

29;  large  lymphocytes,  1.5; 

eosinophiles,  5. 

The  blood  does  not  differ  from  that  of  cholangitis  with  suppura- 


tion 


ABSCESS  OF  THE  LIVER. 


In  most  acute  cases  leucocytosis  is  well  marked  (as  in  5  of  my 
8  cases),  but  in  the  chronic  latent  cases  when  we  most  need  the 
assistance  which  leucocytosis  might  give  in  diagnosis,  it  is  often 
absent  altogether.  Thus  Osier'  in  5  cases  found:  Case  I.  0,000 
to  11,000;  Case  II.  8,000  to  11,000;  Case  IIL,  9,000;  Case  IV., 
15,000;  Case  V.,  1?2,000.  Scott  ^  reports  on  3  cases  and  finds  that 
the  leiu'ocytosis  is  valueless  for  diagnosis  since  it  is  present  only  in 
early  acute  stages  when  other  clinical  data  suffice,  and  in  chronic 
cases  is  slight  or  absent.  Cohen  '  reports  13,400  in  a  chronic  case 
with  several  quarts  of  pus.  Delaney  (see  reference  page  472)  in  3 
cases  found  1.5,400,  15,700,  and  12,500.  Boinet's*  2  cases  were 
acute  and  shcnved  well-marked  polynuclear  leucocytosis. 

P'utcher  "•  reports  that  the  average  bl(X)d  count  in  fifteen  cases  of 
auKebic  dysentry  complicated  by  abscess  was  as  follows :  red  cells, 
4,250.000;  leucocytes,  18,^^50,  and  haemoglobin  (S(S  per  cent.  "The 
leucocytosis  was  not  a  high  one.  The  average  was  7,750  higher 
than  in  tlie  unconij)licated  dysentery  cases.     There  were  two  cases 

'  Osier:  Med.  News.  April  12th,  1902 

"  Scott.  Trans.  College  of  Phys.,  1902,  p.  174. 

2  Cohen:  Jfn'ffew,  p.  170 

M^»inet:  Soc.  des  Hop..  1900.  p.  1089. 

^P^itclier:  Joum   Am.  Med.  Assn.,  August  22d.  1908. 
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highest  coimt  wan  under  10,000.     The  highest  leneo*! 
dix  uf  ali  was  53,000. 
-'  Some  observers  hold  that  tliere  is  n  great  iiioreasp  iu  the  lenoO'l 
es  in  canes  of  aceinbic  hepatic  abscess  and  emphasize  its  iiii[Mir*fl 
ce  ill  (be  diagnosis  of  sucli  cases.     Few,  however,  give 
iporting  their  statements.     Although  this  scries  shows  that  tb« 
rage  leucocyte  eouiit  in  tlie  aiiicuhiu  abteess  cases  is  cousUlcrahljr 
ve  that  ill  the  imcom plicated  cases,  yet  it  is  dotibtfu!  vbpther 
leucocyte  citiiiit  is  uf  nay  great  value  as  a  means  of  dinginistK. 
instances,  in  the  forty-three  uncomplicated  dysentery  cases  there 
e  ten  ill  which  the  leucocyte  count  was  above  tlie  average  in  the 
!es3  cases.     In  two  of  these  the  couuts  were  40,000  itinl  47,000 
tspectively, 
"The  average  differential  count  of  the  leiicw^tes  showed  a  rela- 
*ive  increase  io  the  poly  in  orphonucl  ears.     Considering  the   rather 
rge  nuuilN*r  of  eosinophilea  seen  in  the  stools  in  oeitain  cases,  it 
is  thought  that  there  might  l»e  some  change  iu  tlie  relative  per- 
ciitage  (if  these  cells  in  the  blooil.     With  the  objeet  of  ileterminLng 
sthcr  there  was  such  a  change  or  not,  I)r  JrcCrae  made  differeu- 
liai  oonnt.s  in  a  number  of  casi-s,  liut  found  the  eosinophilic  cella 
present  in  practically  noniial  percentages." 


Table  LI.- 

Abbcesb 

OF  THE   Ll1-ER. 

1 

Ave 

Ml. 

RedMtli. 

wU.. 

l^T  Willi 

llrinHrtl. 

I 

30 

"JT 

ISSS.OOO 

8:1,200 

■ll*,000 

JiiniiBryllili, 

January  Utti,     Ojienitlun. 

s 

16 

t. 

8,750.000 

ae,«Ki 

Multliili'.     lJeceml*r  17th- 

a 

U 

1^,900 

S5 

28,400 

Perilie^tUis.     Deecmber  l»Ul. 

afi.Boo 

I>eceml)er  aOlh. 

2T.000 

December  21  St. 

17,800 

December  23d. 

38,400 

December  a-lth. 

34,400 

December  28lh. 

10.000 

DecemlKT  2TUi. 

1«.800 

neeenilHT  2»lh. 

18,000 

■iKiiiiary  3ci, 

I8.M00 

January  Btli. 

1«.300 

January  Till. 

18,400 

January  »tb. 

18.000 

Jiiuiiary  lltli. 

1«,IW0 

January  18tli, 

11.700 

January  Iflili. 

31,900 

Jaiiunry  2fllh. 

80  mo 

Janiiarv  2Tili. 
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18,000 
18.600 
11.000 
17,500 
111.300 

ao.floo 

10,200 
13,000 
15,000 

O.HOO 


Jauunry  2&lli. 

January  Sist 

February  3J. 

February  Olli. 

Fi-briiaiV  7tli.    Oper&tlon. 

February  ISrb.    Death. 

Opcretion 

NovcinlHT  81.L 
November  4tli,  11  A.M. 
NDvcinbi.'r  4tL,  2  p.m. 
NovenibiT  5tIi,  IOa.h.    Openitioii, 

Oclober'lillli. 

OctobiT  30Ui. 

Octobi-r   2lKt.     October  25lh,   au 
Inpsy;  streptococci. 


CANCER  OF  THE  LIVER. 

(See  Malignant  Disease,  page  440.) 

OUMMA  OF  THE  LIVER. 

Von  Jaksch  in  a  single  ease  found  2,756,000  i-ed  cells,  C,100 

white  eellsj  in  similar  cases  I  found  8,900  leucocytes  and  Grawitz 

17,000. 

DISEASES     OF    THE     PANCREAS. 
HEMORRHAGIC  PANCREATITIS. 

Opie  records  a  leucocytosis  of  19,600  in  a  case  operated  on  by 
Hloonlgootl  (Johns  Hopkitus  Bulletin,  Junuary,  1901). 

At  the  Mu.s sac Im setts  General  Hospital  we  have  had  four  cases 
in  whicli  tlie  following  counts  are  leciirdcd; 

AcrTE  HsMORRnAoic  Pancreatitis 


Nn. 

ABP. 

While  wllB. 

B«imrlu. 

3 

a 

4 

2« 

11.300 
11.200 
2:i,000 
34,000 
23,000 

100 

Fourth  day. 
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>dr«li«. 

wiw. 

S(nar«lobln 

Renwrta. 

18,000 

fl.800 

B3 

Duclears.  56  percent:  mnall  lymplicv 
cytes.  3fl;  larRc  Ij-mpliocyfe*,  U.5: 
eosinopliilca,  I.O. 

00 

8,500 

00 

Ni>vcmlwr  15th. 
November  19tL. 

4,soa 

Before  lest  breakfast. 

e,i(K) 

Four  l.i.ura  after  test  breakfust. 

18S.0OO 

a.  WW 

4S 

NovemberSOIli      Diff  count  SOOteliji 
PolyDUcluars,  5«  4  per  cent:    small 
lympliocytes,    35.8;     large   lympho- 

Decctnber  29th. 

6,000 

48 

January  8d 

Janlinry  lOlh 

DISEASES    AFFECTING     THE     HEART. 
PERICARDITIS 

(See  Inflainmation  of  Serous  Mciiiliraiies,  jiage  282.) 

ENDOCARDITIS 

In  many  cases  of  acute  endocarditis  the  blood  shows  no  changes. 
In  others,  wliatever  alterations  there  may  he  are  covered  up  hy 
those  involved  iu  the  rkeiimatic  arthritis  associated  with  the  endo- 
carditis. 

ULCERxVTIVE  ENDOCARDITIS 

III  iileeratiee  or  malignant  endocarditis,  we  may  find  the  signs  of 
a  pyogenic  infection  (see  page  237).  Sometimes  pyogenic  oocci  can 
be  cultivated  from  the  blood,  and  if  jiresent  mat/  be  of  the  greatest 
value  in  a  diarptosia  always  difficult  to  make. 

Grawitz  goes  so  far  as  to  say  that  in  douhtfnl  cases  repeated 
negative  results  of  cultures  from  the  blood  make  it  unlikely  that 
ulcerative  endocarditis  is  present. 

Sittmaun '  considers  that  important  help  may  Ix'  given  as  to  the 
position  of  the  priiiiary  focus  of  infectifiti  by  the  nature  of  the  or- 
gauism  present  in  blood  cultures — i.e.,  the  pueuniococcuB  pointing 
to  the  lung,  the  colon  liacillus  to  the  intestine,  etc. 

I  Loc.  fit 
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R?d  CelU. 

As  in  all  forms  of  septicaemia  marked  anaemia  rapidly  develops, 
more  rapidly  probably  than  in  any  other  disease.  The  haemoglobin 
loses  about  equally  with  the  corpuscles,  according  to  most  observers 
sinoe  blood  destruction  is  so  rapid. 

Further  evidence  of  rapid  blood  destruction  is  seen  in  the  haemo- 
globinaemia  often  present. 

Roscher  (he.  cit)  records  counts  of  4,400,000  and  2,750,000, 
both  fatal  cases. 

White  Corpuscles- 
Rieder  reports  a  single  case  showing  these  variations : 

Temperature.  White  cells. 

January  2d,  1891 105**  17,000 

8d,  1891 99"  18,700 

8th.  1891 103°  15,500 

10th,  1891 101.5*  18,000 

12th,  1891 101.5°  21,300 

18th,  1891 lOr  18,800 

"   22d,  1891 104.5"  18,000 

February  11th,  the  patient  died. 

Pee  found  leucocytosis.  lloscher  in  two  cases  found :  Case  I. : 
8,800  leucocytes;  the  patient  died  in  two  days.  Case  IT. :  16,800 
ami  12,000.  Krebs  in  one  case  found:  October  27th,  15,500;  Oo- 
tober  28th,  44,200;  the  patient  died  the  same  day. 

Twenty-six  cases  were  studied  at  the  Massachusetts  General 
Hospital  witli  the  following  results : 

Taiile  LII. — Ulcerative  Endocarditis. 


Atre, 


ic 


21 


2     rt  yrs. 
i^  11  mos. 


Red  cells. 


4,216,000 


34.800 
39.200 
27,000 
47,600 

30,100 
15.800 
IH.IOO 
26. 100 
27,000 
27,500 
27.400 
25.(M)0 
16,600 


Per  cent 

bsemo- 

^lobin. 


50 


Remarks. 


Third  day. 
Tenth  day. 

Seventeenth  day.     Died  twenty- 
first.    No  autopsy. 
May  27th. 
May  80th. 
June  17th. 
November  20th 
November  23d 
November  27th 
December  3d 
December  9th 
December  22d 


Aortic  stenosis. 
Mitral  insuf 
flciencv. 


HI 

i 

IIHH 
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1  * 

LB  LII  — UiCEBATtvu  ENDocARmria  ^Vontinut^.                         ■ 

pBrcdH 

1 

Boaoaii.. 

cell.. 

iruibi'o'! 

Rennrto. 

25.700 

Hay  «M. 

87,»40 

May  34tL 

18.100 

May  aotb. 

33,000 

M«v  38tli. 

34..W0 

eo" 

Ditiit;     piieum(>coC(.'i ;     chmiilr 

flbnius    pudocardiiU ;     tnliral 

regiirglUIiou :  reaolring  pneu 

iuodU  ;  Riitopiy.                                     . 

31.800 

tK'cembcr  18Ui.                                         J 

]fl.aoo 

DecemlM-r  90ili.                                    1 

33.000 

December  33d.                                           I 

82,800 

1 

32.7U0 

1 

30.*00 

Autopsy,                                             ■ 

30.SIMI 

7o' 

(Sin  montliB"  fever.)                            ■ 
July  SlBt.                                                  n 

so.uw 

80 

ia.Boo 

Augusi  4Ut.                                           1 

io.w» 

August  Otli. 

17.400 

AuKUHi  IHih. 

4.078,000 

15.W)0 

to' 

Augusi    17th.      DilT,   count  aoo 
cells,       Polynuclear,    89.5   ppr 
ecDt;    small  lymphocytcfl,   d: 

lar^e  lymphocytes.  4;  wwino 

August  '22d, 

12,1100 

19.500 

August  3(Ilb. 

a2.»oo 

August  a7lh. 

18.».)0 

August  SOtli. 

17.100 

Sepivmbcr  Ut 

H.800 

iB.mm 

September  SlJj.     Autopsy. 

10,100 

AuUipsy, 

18,»00 

Pneuiuontik.  Jauunry  3Sth,  1809 

31.800 

.... 

t'eliruary4lh.  19O0.    Noslgnabut 
a  «ystoHc  murmur  and  chills. 

30.400 

February  11  111. 

30,000 

February  15th. 

40,400 

February  2lBt. 

81.000 

February  3Sd. 

87.400 

February  2.1th. 

fifl.TOO 

MarelilBI. 

Va.XTM 

Marcb  4ih. 

Mortli7th.    Autopsy.   JUUgnant 

endorftnlilis. 

18,800 

April  7lli     T.  103',    Pneiuronl*. 

8.aoo 

Ai>rll    lUili.     Pneumonia   gone. 

T,  00= 
April    Utb,  9  A.M.      T-  104.S". 

18,800 

Aiinlc  and  mftral. 

38,300 

Oj'.M 

85,800 

April    15ih.  7  A.M.     Culture  of 

ULCBRATIVB  EMDCCASDITm. 
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Per      t 

1 

AW. 

1 

Bedcalta. 

cell*. 

ass; 

B«n>Hta. 

13 

27 

18,000 

1S.000 
13.000 
15,000 
11.000 
16.000 
18.000 
18.000 
19.600 
16.000 
11.000 
14.800 
13,000 

76 

'to' 

70 

May  lOtb.     Bubacute  glomerulo^ 

□epliritis.     Autopsy. 
Mayl5ih.               ^ 
May  17th. 
May  20ih. 
May  33d. 
May  35th. 
Mny  27th. 
June  4tb. 
June  6lh. 
June  9lh. 

June  18lh.                     •- 
June  3 let. 
June  39ili. 

18 

84 

18,000 
11,600 
31.400 
18,300 
1,600 
1.800 
24,400 

'eo' 

Pebruaiy  18th. 
Fi'bruary  16th.    AutopB7. 
February  19th. 
Febriiaiy  20th. 
Februsry  S3d. 
PebruBry  37th. 
Haicb  8d. 

U 

28 

17.800 
80,600 
25.400 

April  32d.     Death. 
April  35ih. 
April  30th. 

33.000 

May  3d, 

38.100 

May  atb. 

29.400 

Mav  71  b- 

15 

35 

.  1  3.718.000 

15.200 

M 

Pofynuclear.    86  percent. 
Eosluopbiies."    0       " 

16 

Syrs. 

■•  1 

18.500 

No  autopsy. 

17 

44 

. .    S,&M,000 

18.400 
18.000 
12.600 
14.500 
20.400 
34.000 

S5 

October  18th. 
Oclober  33d. 
[ainiary  18lh. 
Jrtuuary  14th. 
January  16th. 
January  I8th;  df«d. 

18 

31 

. .  ;  5.830,000 

11.800 
9.000 
11,700 

«' 

January  8Ui. 

49 

Pulmonary  emboliam. 
March  IStL. 

18.700 

60 

18.900 

48 

April  6lh.    NoaulopOT. 

19 

80 

11.000 
81,000 
16.000 

70 

April  2d. 
April  24th. 
April  86lh. 

80 

8.7B3,000 

10.000 

'w 

21 

'.'.'.'. 

8.900 

56 

Autopsv, 

23 

80 

8.460 

February  38d.    T.  101.4*. 

8.180 

February  26th,     T.  10*.8°. 

0.880 

February27th.  T.  108.5".  Dealh 
Hyperpfastic. 

28 

29      ,  .. 

7,900 

S4 

83 

.. 

::.::;:■ 

7,600 

Autopiy. 
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iBi,K  LII. — UiwCEKiTivE  Endocarditis  IG'tiUnned). 


' 

Per  rent 

V. 

i 

ceiiiu 

globtn. 

Uain»rla. 

S.864.000 

5.200 

48 

December  15rli. 
Polyuuclcftr,     91.3  per  oent. 
Lymphocytes.  6.7 
Eoainophiles,     3.1       " 
December  27ih. 

11.900 

4.973.000 

lo.ioo* 
8,eoo 

SO 

December  fllsl. 
January  Tth. 
Jtinuary  Uth. 

January-  l-ltli. 

81.300 

4S 

January  aSth. 

LMOO 

Jaiiuan-  SOtli. 

6,200 

F-ebnmry  241h. 

V.800 

Marcli  eth.    No  autopsy. 

i 

8,863.000 

8.000 

60 

Poljnuclear.     77.0  per  cent. 

No  uiiclcatod  reds.     Autopsy. 

y  the  same  are  the  couuts  in  the  following  cases  of 
oenign "  endocarditis  with  fever  and  rapidly  shifting 
lore,  the  tenth  complicating  chorea  in  a  boy  of  tliirteeu. 


Table  LIII.— "Bknwn  "  Endocarditis. 


Perceot 

Hu. 

Badeella. 

»Jta. 

Blown. 

K 

F. 

60.100 
89.800 
86,000 

November  2tib. 
November  37Ui. 
November  SOth. 
December  Tth. 

2a 

i,:m,ooo 

1,240,000 

81.600 

38.000 

36 
30 

December  lOtb. 
December  IBih. 
December  ISth.    Death, 

4 

29.600 

28.600 
19.600 

Twenly-flrBt.  Temp.  103'. 
Twenty-wjcond.    Temp,  88*. 
Tweuiy-fiflli. 

41.300 
82.300 
3B.S00 
38.400 
83.900 
37,800 
39,000 
24.300 
80.600 
38.300 
36,500 

October  19tb  1   .  _.      ,    .        .,     , 

October  27(li. 

October  28lb. 
October  8O1I1. 
November  8(1. 
Novemlier  51  h. 
Novemlwr  8tli. 
NovemU'r  13th. 

"BSNIQM"  BMDOCABDinS. 


FiBia  Mil 

.— "Bbniom"  ENDOCAXDma  (OmlfiMud}. 
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Age. 

8U. 

BedoMls. 

^ 

h: 

Ranvkik 

6 

IT 

ai.800 

11,700 

Twenty-fourth. 
Tweotj-BfUi. 

6 

11 

4.738.000 

34.C00 
17.7(W 

14.000 
18.100 
10.800 
10,100 

OS 
03 

on 

84 

First  (lav. 
Seventh  day. 
Fourt«eiith  day. 

7 

97 

24.000 

80 

First  day. 
fourth  day. 

16,000 

18.600 

Fifth  day. 

fl 

1» 

22,500 
10.300 
21,400 
18.400 
29,400 

80 
60 

January  38th. 
February  Isi. 
February  4th. 
February  8th. 
February  21«. 

9 

46 

21,820 

Pregnancy  four  raonths. 

10   18 

«. 

20.600 
I7,B00 
18,700 
16.800 
21.200 
37.400 
83,700 
24,200 

62 

May  a«th.    Temp.  108''-104°. 

May  29th. 

May  8l8t. 

Juae  Sd. 

June  4th. 

June  8th. 

June  nth. 

June  18(11. 

31.900 

June  lOtb. 

26,100 

June  17th. 

26,800 

June  10th. 

17.400 

June  33cl. 

38,700 

June  36th. 

21,300 

July  3d  (outdoors). 

31.800 

July  4tb.     Left  the  hospital  July 

11 

M 

8,768,000 

20.200 
24.400 

90 

January  24tli. 

January  36th.    Autopsy. 

12 

17 

IB,  800 

clency.    Renal  colic. 
December  90th. 

19,200 

18 

M 

19,700 
13.900 
11.000 
10..100 
7,200 
14,600 
19.SO0 
14.200 
18,800 
14,400 
10.200 
24.000 
80.800 

M 
53 

November  0th. 
November  7ih. 
November  9th. 
November  12th. 

November  22d. 
November  30th. 
November  28tb. 
November  80th. 
December  3d. 
December  Oth. 
December  8tli, 
Decern  Iter  llth. 

U 

36 

12.000 

SulpingltiH. 

SPECIAL   PATHOLOGY   OF  THE   BLOOD. 

Dia^/nmli':   Va/,ie. 

1        [  cultiirofl  sliotiM  ni'ver  lie  omittod  in  cases  of  suspeoted 

lit  nid'Kint'ditis.      When  jxisilive  Mu-jr  lire  iif  gr(.-;it  value. 

itgluiliiig  typlioitl,  malaria,  ami  miliary  tubercle  the  pres- 

leiiciioylosia  in  iiuportaut.      1  saw  witUin  a  few  luontlia  n 

'  which  Hiiveral  cousultaiita  had  made  the  diagmraia  of  typhoid, 

hich  the  presence  of  marked  and  persistent  leukocytosis  und 

;uw  of  a  typhoid  seium  rt-actitiii  cmiviuoed  ine  that  tlie  ease 

:>f  iilc!crative  endocai'ditis.     This  has  since  been  veriHcd. 

MYOCAHDITIS- 

ncvi-r  stasis  und  distiirbance  of  the  circulation  result  from 

<s  of  the  heart  w;ill,  IiIotnI  clinii^H  identical  witti  tliuite  ile- 

-  under  Vnlvwlar  Heart  Disease  are  present.     Otherwise  th« 

lormal.     The  ui^iuary  findiiigs  ai'e  shown  in  the  following 

Tauuc  LIV.,  a.— Miocarditts. 
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nedmUB. 

WHEW  n>U« 

,SA 

BOMrtB. 

30,000 

■7a 

No  nulnpey. 

Mitral  >ii»nsc  iritL  brokco  com- 

4.044.000 

11, BOO 

10.700 
10.700 
0.800 

45 

Broken   conipcnsallon.       Clironic 
broiicliitJB.    . 

Mitral  iasufflciency. 

Syiicitpe.       Clirouic     intereliiial 

ucpJiritla. 
Priijjrossive     muscular     atrophy. 

8.800 

63 

7.400 

7,300 

"hronic  interstitial. 

8,700 

Chronic  interstitial. 

TABLE  LIV.,   B. 


Between    4,000  and  8.000.... 

6,000  ■■  S.OOO.,.., 

8,000  "  10,000... 

10,000  "  12,000,.    .. 

12.000  "     14.000 

14,000  "     18,000 

16,000  "    20.000 

20,000  -     26.000 

Total  . 
Average  count  of  white  cells. . . 


VALTULAB  BBART   DISEASE. 


VALVULAH  HEAItT  DISEASE- 

Grawitz  divides  valvular  heart  disease  into  three  stages  with 
corresponding  bluoil  conditions : 

1.  Stage  of  full  compensation  :  blood  normal. 

2.  Stage  of  acute  failure  of  compensation:  blood  diluted  (Oer- 
tel's  "plethora  serosa'"). 

3.  Stage  of  chronio  stasis  and  cyanosis :  blood  concentrated  for 
the  most  part;  at  times  diluted  as  well. 

1.  A  valvular  lesion  per  se  has  no  effect  on  the  blood. 

2.  When  compensation  fails  and  blood  pressure  is  lowered,  we 
find  (eaperuUly  in  the  venous  blood)  that  the  fluid  from  the  sur- 
rounding lymph  spaces  Ims  made  its  way  into  the  vessels  aud  diluted 
tlie  lilood.  The  specific  gi'avity  falls,  red  cells  and  linenioglobin  are 
lower  thau  l>efow,  while  the  white  cells  are  unaltered,  and  the 
plasma  is  shown  to  lie  more  watery  than  before,  as  well  as  of  in- 
ci'cased  quantity  per  cubic  millimetre.  All  these  changes  are  less 
marked  in  capillary  blood,  and  hence  are  rarefi/  obKeiivJ. 

3.  If  the  heart  adjust  ituelf  partially  to  the  increased  work  it 
has  to  do,  and  to  tlie  chronic  passive  congestion  of  the  ioterua]  or- 
gans and  at  the  periphery,  the  blood  is  concentrated,  probably  in 
part  by  transudations  into  serous  cavities  and  lymph  spaces,  and 
in  part  by  the  increased  excretion  of  moisture  by  the  lungs.  The 
specific  gravity  and  the  number  of  red  cells  are  increased,  rajieeiiitly 
in  the  eapUlani's,  aud  to  a  less  extent  in  the  venouN  bloud  (the  con- 
ditions lieing  just  the  reverse  of  those  in  acute  heart  failure,  stage 
No.  2).  This  is  die  condition  usually  found  in  heart  disease  with 
chroide  venous  stasis  (passive  congestion). 

But  this  concentrated  condition  of  the  blood  may  be  offset  from 
time  to  time  by  fresb  weakening  of  the  heart  and  lessening  of  blood 
pressure,  and  the  combination  of  the  two  conditions  may  result  in  a 
Borinal  blood  coinit. 

The  conditiou  of  concentrated  peripheral  blood  witi  the  count 
of  red  cells  nUive  normal  is  that  most  commonly  seen  in  chronio 
beart  disease  with  stasis.' 

Von  Liiulieclt  finds  that  aortic  lesions  are  more  apt  to  show  a 
normal  or  diminished  blood  count,  while  mitral  disease  is  more  apt 
to  be  ftccorapanii'd  by  the  temporal^  dilutions  and  tong-staiiding 

I  Gibson  {Biit.  Mod.  Joiir.,  Jauuary  I7tli.  IBOS)  liaa  ri'cordtd  acme  striking 
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conceDtration  above  described.  He  does  uot  explain  the  cause  of 
this,  and  it  does  uot  coincide  with  my  cases.  One  of  his  padeuts 
with  doable  mitral  lesion  showed  a  decrease  of  1,170,000  red  c«lU 
(ftom  7,500,000  to  6,330,000  >  aft«r  exertion.  When  the  patient 
waa  <juiet,  the  lesion  was  compensat«;d;  on  exertiau  compenaaUan 
temporari];  failed,  blood  pressure  was  lowered  and  the  blood 
dilated. 

Sadler '  found  considerable  aneemia  in  three  out  of  four  cases  of 
aortic  disease,  while  only  two  of  seven  patients  with  mitral  lesions 
showed  anemia. 

Schneider's '  results  were  similar  in  that  he  found  the  red  cells 
normal  in  the  aortic  cases  and  increased  in  tlie  mitral  ones. 

Uayem  found  aueemia  most  common  in  aortic  regurgitation,  espe- 
cially in  young  people. 

In  the  Massachusetts  General  Hospital  records  there  liare  been 
a  strikingly  large  number  of  ctan^.a  of  mitral  disease  associated  with 
nfirere  auiemia  ffiee  cases  2,  10,  14,  and  88  of  Table  LV.).  The 
counts  of  red  cells  in  twenty  eases  average  3,400,000,  and  nucleated 
red  cells  were  found  in  three  cases.  These  were  all  of  them  »up- 
poaed  to  be  chronic  oases  without  any  active  endocarditis,  sepdc  or 
benign,  and  were  for  the  most  part  afebrile.  In  view  of  the  marked 
anaemia  and  leucocytosis,  however,  I  am  in  doubt  whether  the  endo- 
carditis was  really  as  dormant  as  the  temperature  and  the  absence 
of  chills  or  embolism  would  suggest. 

In  cases  of  aortic  disease  due  to  arteriosclerosis,  there  was  no 
considerable  aniemia  or  leucocytosis. 

ifTiite  Corpuiclea. 
Almost  all  writers  whom  I  have  consulted  agree  that  the  leuco- 
cytes are  normal  unless  some  complication  occurs.  Vet  in  a  large 
number  of  the  Massachusetts  General  Hospital  cases  the  leucocytes 
were  steadily  increnaed,  while  the  red  cells  were  diminished  (see 
Table  LV.)  This  leucocytosis  cannot  be  explained  as  the  result  of 
stasis,  since  it  is  mre  in  aortic  disease  or  in  myocarditis,  despite 
stasis,  and  is  found  chiefly  in  miti'al  cases.  That  stasis  plays  a  part 
in  the  blood  counts  of  congenital  heart  disease  seems  evident  from 
the  cases  next  to  be  mentioued,  in  which  the  red  cells  are  increased 
only  about  forty  per  cent,  while  the  white  are  often  one  hundred 
per  cent  more  numerous  than  normal. 

'  Lot.  tit.,  p.  83.  '  Inaiig.-UIsBert,,  Berlin,  1 


VALVULAR  HBAKT  IlISBAaS. 

The  apparently  normal  count  of  red  cells  iu  some  of  our  cases 
intiy  have  been  due  to  the  covering  up  of  an  anfemic  or  diluted  con- 
dition of  the  ijlood  by  concentration,  the  resultant  of  the  two  forces 
being  an  apparently  normal  count. 

In  the  91  cases  of  mitral  disease  tabulated  on  pages  366-358, 
there  are  51,  or  56  per  cent,  showing  leucocytosis  of  more  than 
11,000,  and  32  witli  over  16,000  leucocytosis.  In  some  of  the 
cases  there  was  pulmonaiy  infarction  or  nephritis  as  a  complication, 
and  these  lesious  may  have  influenced  the  count. 

The  polynuclear  cells  are  proportionately  increased.  In  expla- 
nation of  the  amemia  and  leucocytosis  of  mitral  disease  and  the  lack 
of  these  phenomena  in  aortic  disease,  I  conjecture  that  mitral  dis- 
ease is  i-arely  long  dormant,  and  that  the  "  failures  of  compensa- 
tion," for  which  my  cases  sought  the  hospital,  were  associated  with 
or  due  to  fresh  vegetative  or  thrombotic  processes  on  the  valves. 

(Edema  and  diuresis  have  in  themselves  little  or  no  constant 
effect  upon  the  blood,  as  a  recent  observation  of  Petiowsky's  has 
demonstrated. 

CONGENTTAL  HEART  DISEASE. 

Vierordt '  has  collected  the  following  table  of  cases  of  congeni- 
tal heart  disease  showing  extreme  polycythemia: 


Toenlesaen,'  1889 

Toeaiessen.'  1889 

Kr(tUI.Me89 

Moritz.'  1892 

Vaquey.'  18B3 

BttuhoUof.*  1894 

Carmlclioel.'  1894 

Hnyeni.' law 

Oibson,'1896 

J.  Tliouipson '"  (aud  Oibwo). . 


8.830,000 
7,540.000 
8.100,000 
7,000,000 


I  10,000 
9.900 

)  13,000 
)   13,  (XK) 


■  Vierorflt:  NoihnaKel's  Specielle  Paihologie  und  Tlieraple. 

'ToeDiessen:   Dissertntlon.  Erlaogeu,  18C<1. 

•Erehl:  Dcutacli.  Arcb.  f.  klin.  Med..  1869,  p.  436. 

•MoritK:  Cited  from  Vierordt.  '  Viujuey^  Soc,  de  Biol.,  May.  1893. 

'Bauholzer:  Cent.  f.  inner-  Med.,  1894.  p.  521. 

'Carmichael;  Edin.  HoBp.  Kep..  1894,  vol.  il. 

*Hayem:  Meii.  modeme.  1895,  p.  397. 

>QibBOQ:  Lancet.  1893,  vol_  i,  p.  34.         '" Thompaoa ;  Cited  by  Gibson 
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8,570,000 

1-077     6,  WO,  000 

...     8.600,000 


iseud'  stiiJied  14  pases.     Iii  7  cases  uuder  ono  year  the 

toe  11,800,000,  8,05),000,  8,000,000,  7,144,000,  0,680,000, 

I,  and  5,900,000,     In  5  rawes  between  the  first  and  twenty- 

«Pai-    the   couiita    weie    9,9"tO,000,    8,590,000,    7,590,000, 

and  6,000,000.      In  2  caaes  the  count  was  not  increased; 

«  showed  no  eyaiiosis. 

such  o.ases  are  to  be  explained  I  do  not  know;  the  ordinary 

of  concent  ration  of  thi,;  bltuKl  will  not  hold  in  cases  in 

I  stasis  or  lack  of  compensation  exists,  yet  the  skin  is  bine 

od  founts  are  cniiini'iiiB. 

3  no  doubt  that  the  peripheral  capillaries  always  contain 
;)TpuHcli.'s  per  oiihiG  niiilimetre  tliau  do  the  veins.  Ntiini'raus 
i  from  vnrinus  nliservers  figriH-  upon  this.  Whether  ihia  is 
ou  account  of  the  loss  of  water  by  perspiration  and  consequent  drain 
of  blood  from  the  akin  capillaries  is  uncertain,  but  in  congenital  heart 
disease  Iwtli  capillary  and  venous  blood  are  ovei-crowded  with  cor- 
puscles and  the  explanation  is  difficult.  Hayem  in  a  case  of  this  sort 
reports  7,000,000  red  cells  with  a  decrease  in  the  average  diameter. 

Taule  LV.— Mitral  Valve  Disease  anu  Its  Complications. 


1 

,»... 

WUJle 

M.con 

43,150 
8,800 
3S.000 

30.  WO 

1 

i 

LESIONS. 

i 

HKral. 

Aortic. 

,||              — 

I 

8 

4 

3,'ms,666 

3.598.000 

H. 
romp. 

.  1  July  5Ui.    PulyuiK'lew-.  71.1;    IrmplKv 
^Tt«.^r:    ni)flocyl«.8:   ouau,  4. 

,.     Temp.,  100", 

..     Finimay.    Purpuric  ipota. 

'NouIUe:  TWse  lie  Paris,  1896, 

*Ruge;  Bcrliu,  klio.  Wocli..  1897,  p.  429. 

•KovScs:  Cit.  by  Koranyi,  Zeit,  fOr  kliu.  Meil,  18S7,  > 

■•Townsend:  Archives  of  Pipii.,  acptenilicr.  ISBfl 
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M. 

oral  forms.                                  -'^"'^^B 
FlfWenthdiiF.                                              ^^ 
TveDtleUi  day.    Polrnaolaar.  Tl:      ^1 

1.701.00) 

S,000 

L91 

Twenty  «%-enllni«.                                   H 

I3i0.ono 

6J0O 

'm.' 

A. 

70 

». 

Temp.,  ae:                                      W 

4.W0 

A. 

K      J 

CONGENITAL  HEART  DISEASE.  35 

Hmui.  Valve  Diskase  akd  Its  Complications. 

Siimmary. 

WMte  <vlla.  Cun. 

Bet\v(-en    3.W0  and    fl.OOO 7 

6,000    -      8,000 41 

8,000    "     10,000 *46 

10.000"     la.OOO 42 

12,000    ■*     14,000 88 

14,000-     16,000 28 

"        IB,000    .■■     18.000 28 

18,<HW    -    20.000    19 

S0.0<M>    ■■     22,000, 8 

"        23.000    "    34,000 9 

"        !i4,ll00    "    80.000 8 

"        30,000  or  more 6 

Toial 270 

Average 18,000  + 

Total  over  14,000  =  96  cases,  or  thlrly.flve  per  cent  of  aLL 
Tahle  LVI.— Aortic  Valve  DieBASU. 


Cerebral  embolus. 


11  40 

12  34 

13  se 
14|  21 


Per(«iil 

BtoWn. 

81.000 

60 

80.600 

SO 

22.000 

70 

20.400 

96 

1B.900 

80 

75 

18.700 

60 

12.800 

67 

13,000 

60 

20,000 

26,000 

25.000 

30,000 

11.600 

86 

9,700 

70 

9.200 

100 

8,600 

86 

90 

7,B00 

7,«00 

68 

90 

7,200 

66 

7,100 

80 

7,000 

68 

8.800 

60 

6,800 

75 

6,000 

ij,000 

8,200 

40 

Flrelday.    Temp.  101'. 
Third  day.     Temp,  103'. 
Sixlb  day.    Temp.  103". 
Eighth  day.    Temp.  101". 
Fourteenth  day.    Temp.  101'. 
Twentieth  day.    Temp.  99.8". 
TweDty-aeveDtb  day.    Autopsy. 


With  chronic  diffuse  uepbritta. 
Temp.  98'. 


BPSCIAL  PATHOLOOT  OF  THE  BLOOD. 

The  most  important  practical  deduction  from  these  data  is  that 
a  blood  count  iii  a  patient  suGFering  from  poorly  compensated  heart 
disease  has  no  value  in  determining  whether  or  not  anESinia  is  pres- 
ent. The  actual  number  of  corpuscles  in  the  body  is  not  measured 
by  the  number  contained  in  a  drop  of  peripheral  blood,  since  atis- 
mia  may  be  effectually  masked  by  concentration  or  simulated  by 
dilution. 

This  holds  good  equally  for  any  condition  involving  gerutrtU 
stasis  and  cyanosis  either  from  embarrassment  of  the  heart's  action 
or  otherwise  (for  instance,  pneumonia  in  certain  stage,  emphyaema, 
displacement  of  the  heart  by  serous  effusions,  or  tumors),  or  local 
stasis  of  the  part  from  which  blood  is  taken.  Penzoldt'  noted  that 
in  old  hemiplegic  cases  the  blood  from  the  affected  side  contained 
more  corpuscles  than  that  from  the  sound  side,  and  the  writer  has 
noticed  the  same  thing  in  a  variety  of  vasomotor  affections  involv- 
ing  local  asphyxia. 

ANEURISM. 

As  a  rule  I  have  found  the  blood  entirely  normal,  but  in  the  fol- 
lowing case  it  might  have  thrown  light  on  the  diagnosis.  A  patient 
was  recently  admitted  to  the  Massacliusetts  tieneral  Hospital  with 
an  acute  affection  of  the  chest,  supposed  to  be  pneumonia  in  spite 
of  the  slightness  of  the  fever  and  the  irregularity  of  tlie  pltysical 
signs.  At  autopsy  a  ruptured  aortic  aneurism  was  found.  The 
blood  count  had  showed  3,324,000  red  cells,  20,800  white,  and  33 
per  cent  hsBmoglobin.  The  low  percentage  of  haemoglobin  and  red 
cells  was  really  iueousistent  with  an  acute  pneumonia  in  a  man  pre- 
viously well,  aud  might  have  hinted  strongly  toward  the  correct 
diagnosis  had  attention  been  directed  more  carefully  to  the  blood. 
After  gelatin  injections,  leucocytosis  always  appears. 

DISBA6E8    OP    THE    KIDNEYS. 


Many  factors  other  than  the  disease  itself  may  influenoe  th« 
blood  of  nephritic  cases.  For  instance,  in  scarlarinal  nephritis  the 
long-standing  leucocytosis  is  ]irobably  due  largely  to  the  s<.-arlatjna1 
poison,  rather  than  Xo  the  nephritis.  The  occurrence  of  large  quan- 
tities of  blood  in  the  urine  has  the  same  influence  as  any  othet 
hemorrhage  upon  the  blood. 

'  Ik-rliiiLT  klin.  Woch..  1881,  p.  157, 
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(Edema  as  such  has  apparently  very  little  effect  upon  the  blood, 
but  the  loss  of  albumin  in  the  urine  tells  both  on  the  corpuscles  and 
on  the  serum,  thinning  both  with  consequent  lowering  of  the  specific 
gravity  of  the  blood. 

ACUTE  NEPHRITIS. 

1,  Red  Cells  and  Hcemoglobin, 

Whether  largely  from  the  loss  of  blood  from  the  kidneys  or  from 
other  causes,  the  red  cells  are  often  much  diminished,  but  the  hae- 
moglobin suffers  still  more. 

Laache  reports  an  average  loss  of  nineteen  per  cent  of  the  red 
cells  and  twenty-six  per  cent  of  their  coloring  matter. 

Hayem  found  no  considerable  loss  of  red  cells  unless  the  urine 
was  hemorrhagic.     The  following  cases  illustrate  his  results : 

Case  I. — Acute  nephritis,  ending  in  recovery. 

Red  cells. 

March  17th,  1883 8,069,000 

March  31st,  1882 2,759,000 

April  7th,  1882 2,821,000 

May  Ist,  1882.  albuminuria  ceased. 

May  17th,  1882 8,088,000 

May  81st,  1882 8,689,000 

Case  II. — Acute  (puerperal)  nephritis;  recovery. 

Red  ceils. 
April    6th,  1881 2.945,000 

9th,  1881 2,976,000 

12th,  1881,  no  albumin  in  urine. 

13th,  1881 8,187,500 

20th,  1888 8.810,000 


u 
u 
u 

M 


Case  III. — Nephritis  (chronic?)  with  haematuria. 

Red  cells  2.821,000 

(It  should  be  noted  that  Hayem^s  counts  are  low  on  the  average, 
and  tlie  instrument  used  by  him  was  not  very  reliable.) 

Grawitz  in  acute  nephritis  records  3,400,000  red  cells  at  the  be- 
ginning of  the  third  week  and  3,100,000  ten  days  later. 

Koblank'  counted  5,168,700  in  a  case  of  acute  nephritis  with 
oedema. 

Sadler  (lac.  cit.)  in  six  cases  of  acute  nephritis  found   in  two 

'Inaug. -Dissert.,  Berlin.  1889. 
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,000  and  2,262,000  red  cellBj  m  tlie  other  four  ptnctieaUy  1 
lAl  counts, 
iraccini '  found  no  appreciable  auceiuia. 

Table  LVII.— Acittk  NKPnuiTia. 


Prrrenl 

Ue. 

MI. 

BadeellL 

™ita. 

^T. 

Itenurti. 

M~ 

8.668.000 

GO.O00 

87 

DrffimiB.    Be|(tie  endometritia. 

moc 

30,000 
31.000 

75 

ParcDC-lij-inatous. 

\ 

B;d96.oob 

37.000 
33.000 

70 

u6 

F. 

22.000 
14.000 
11.000 

ia.aoo 

Tcmnerature  103.3'. 

SlJtlh  day. 

Niaili  day  temperature  fnlllng. 

Nliiutcenthday. 

8a 

ai.800 

44.800 

83.000 

ai.ooo 

31.000 

31,000 
31,000 
9B,0<W 
81,000 
13.000 

n.ooo 

0,800 

«S 

L'ra-mia.     July  18lb. 

Lotur  pncumoidu.    July  I9lli- 

July  32.1. 

July  :j8ili. 

Aii^uHt  a). 

Ausuwt  3lli. 

Aii^st  7th. 

August  llib. 

AuKUKt  18(b. 

August  16th. 

AUKUBl3l8t. 

AugMst  3sa. 

August  Slitli. 

as 

31.000 

70 

46 

17.200 

00 

18 

17.000 

8.^ 

sa 

17.000 

00 

Urnmia.    August  4th. 

August  aotii. 

S4 

16.».V) 

70 

u 

ifl.aoo 

75 

14 

15.100 
30,100 
38.600 
32.400 

70 

Det-eiuber  13lli. 
DtccrnlMT  ISili, 
December  lOtb. 
Decemld-r  20lL. 

M 

4,020.000 

14.000 

60 

11 

F. 

4.068.000 

14.000 

52 

80 

13.700 

00 

40 

H. 

8,'ssa.'obb 

18.200 

43 

49 

4.804.000 

13.000 

38 

40 

4.880.000 

12,700 

ea 

40 

12.600 

75 

%0 

ia.BOO 

6.5 

Unctnift. 

18 

F. 

19.000 

n 

11,800 

TO 

aa 

is. 

11.700 

50 

so 

11.600 

75 

as 

u.rioo 

8.1 

M 

F. 

11,100 

»r, 

■Pieracdnl:  " La  Morfologta  del  Sangue  nelle  Nefriti,"  Florence,  1901. 
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Table  LVII.— Acute  Nephbitis  (Continued). 


c 

2 


Age. 


29 

•  • 

30 

25 

31 

26 

32 

83 

33 

29 

34 

32 

STy 

22 

36 

38 

37 

22 

38 

44 

39 

37 

4() 

13 

41 

25 

42 

5.5 

43 

20 

44 

20 

4.5 

54 

46 

33 

47 

22 

48 

20 

49 

39 

50 

40 

Sex. 


M. 


M. 

•  • 

M. 
F. 
M. 


M. 


F. 


Red  cells. 


5,228.000 


3.904,000 


4,800,000 


4,080,000 


5,000,000 

3.*568.()bb 
3.584,000 
4.044,000 

4.090,000 
3.752,000 


Wbite 
cells. 


10,800 
10,400 
10,400 
9,800 
9,300 
8.700 
8,800 
8,000 
7,600 
7,500 
6.800 
6.800 
6,600 
6,200 
6,200 
6.000 
6.000 
5.900 
6.800 
5,4(K) 
5,100 
5,100 

'4,606 


Per  cent 
hsemo- 
Rlobin. 


50 
60 
70 
50 

85 

sn 

48 
75 
60 
65 

78 
85 
40 


58 
75 
60 
60 


55 
65 

77 


Bemarks. 


Purpura  also. 


Parenchymatous. 

Parenchymatous. 
Acute  parenchymatous. 

October  20tli. 
November  8d. 

Acute  parenchymatous. 


In  none  of  the  few  cases  examined  at  the  Massachusetts  General 
Hospital  were  the  red  cells  much  diminished,  but  in  two  cases  the 
luemoglobin  was  low,  the  color  index  being  0.62  in  one  and  0.61 
in  tlie  other. 

The  blood  plates  are  much  increased  (Hayem)  and  fibrin  is 
sliglitly  increased. 

White  Cells, 


o 


Leucocytosis  is  usually  stated  to  be  the  rale,  lasting  often  for 
weeks  at  a  time  and  gradually  diminishing  in  convalescence. 

Hayem  gives  counts  of  14,973,  12,400,  15,000,  and  13,000. 

KobUuik  (lm\  cit.)  and  Grawitz  each  in  a  single  case  found  Jior- 
vml  counts  (7,300  and  5,000). 

Sadler  found  an  increase  in  only  one  of  his  six  cases,  and  then 
the  highest  point  reached  was  13,312. 

Of  the  fifty  cases  of  Table  LVII.,  leucocytosis  was  present  in 
twenty-one,  in  one  of  which  it  was  followed  for  three  weeks  and 
still  persisted;  but  it  is  my  own  belief  that  the  leucocytosis  of  acute 
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1  doe  either  to  complicatiotis,  to  loss  of  blood  bjr  thet  kid- 

«  inemia.     When  these  conditions  have  been  absent  I  bavt 

Buy  leucooytofiis.     This  agrees  with  Pit-racciui's  results. 

lONlC  DIFPX'SE  AND  CHRONIC  PAHENCHYSLiTOrs 
NEPHRITIS. 

[d  advanced  stages  the  oouuts  may  run  very  low,  but  mofe  olteD 
K  ohii^Hy  the  hcemoglobin  that  suffers.      Hayeni  gives  the  follow- 
:  figures: 
Cask  I, — Chronic  parenchymatous  nephritis. 

auri  Mlla.  Ptr  reDl  lib. 

JuneaOlIi 4.8IW.0W  4S 

July4ili 4.216,n00  44 

October  18lh 3.945,000  M 

Case  II. — Same  diagnosis. 

Kill  TlJ*.  Pt  rent  Bb. 

Murcli    6th 2,nill,r.iiii  38 

8tb 2.886,500  3(1 

28d  '2,464,600  27 

Koblank  (J.oe.  cU.)  iu  the  same  disease  fomid  3,291,700  red  cells 
ia  a  single  case  with  much  cedenia. 

Reinert  found  4,050,000  with  50  per  cent  of  haemoglobin  and 
8,604,000  with  G2  per  cent  of  haemoglobin. 

Sadler. 

Cascl 4,120.000 

f  3,405.000— November  19th. 

-  2 \  1,110,000— J unuary  Uth. 

(l.SOO.OOO^Janiittry  17lh. 

-  8 4.300,000 

"     4 4,300,000 

f3.737.500— June  28th. 
"    6 {  3,593.T(M)^liilv  3d. 

U.IS'^.^'O''— August  15th. 

r8,30l).000— July  7th. 
"    6 -^  3,257,000— July  a3d. 

L  S,  137,000— August  2l8l. 

Grawitz  in  an  acute  exacerbation  of  a  chronic  parenchymatous 
nephritis  found  1,928,000  red  cells.     Da  Costa  in  a  series  of  15 
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cases  found  the  red  cells  from  2,270,000  to  6,620,000— average 
3,971,000;  the  haemoglobin  from  30  to  82 — average  67  per  cent; 
leucocytes  from  4,000  to  16,000— average  8,600. 

The  ^lassachusetts  General  Hospital  cases  show  a  considerable 
anaemia  in  forty-one  out  of  the  sixty-four,  or  two-thirds  of  the  series. 
Great  concentration  or  cardiac  weakness  is  probably  the  cause  of 
the  very  liigli  counts  in  certain  cases.  The  majority  of  cases  are 
not  far  from  normal  so  far  as  the  number  of  red  cells  goes,  and  the 
haemoglobin  is  also  very  little  diminished. 


Chronic  Nephritis. 

Red  cells. 
Between  1,000.000  and  2,000,000 8 


2.000,(X)0 
3.000,000 
4,000,0(H) 
5.000.000 
6,000,000 


3.000,000 12 

4,000,000 26 

5,000,000 14 

6.000,000. 6 

7,000,000 8 


Color  index  averages  about  0.7. 
White  Cells, 


64 


Ilayom  records  26,000,  19,000,  13,000,  10,000,  and  6,000,  and 
concludes  that  the  counts  vary  much  not  only  in  different  cases,  but 
in  the  same  case  at  short  intervals. 

Kobhink  found  14,700  in  a  single  case. 

Sadler  in  one  ease  found  6,300  in  November  and  16,000  in  the 
following  January;  12,000  in  another  case;  8,800,  7,700,  and  1,916 
in  others. 

Table  LVIII.,  A.— Counts  in  Chronic  Nephritis  with  U&amia. 


Ape. 


32 
35 

29 
21 
29 
29 
35 
35 


18 


Sex.  j    Red  cells. 


F. 


F. 


4,080,000 


Wblte 
cells. 


I 


4.184.000 
2.320,000 


44,000 
25.000 
9.000 
22.600 
20,400 
1H.900 
18.650 
18,600 
18.000 
15.800 
18.100 
1«  SOO 
17,800 


Per  cent 
bemo- 
frlobin. 


80 


60 
18 
81 


Bemarkt. 


Eclampsia. 
Coma  first  day. 
Clear  twelfth  day. 


Temperature,  102.5*. 

Polynuclear,  QS%. 

Coma  five  weeks  after  miscarriage. 

November  2l8t,  artcrio-sclerosis. 

November  23d. 

December  2d. 

January  4th. 


SPBCIAL  PATHOLOOT  OF  THB  BLOOD. 

IT  ILL,  A. — CotJUTs  IS  CH&oinc  NKTHRrru  with  Ub-bxia 
{Continutd ). 


- 

Per  wot 

acdocm. 

«^ 

■iDhUt. 

Ronifta, 

S.i86.000 

17.450 

S3 

EclampsU. 

16.300 

Chronic  diffuse. 

4,650,000 

16,800 

M 

Polynucleur.  86. 7«. 
Lymphocytes.  18.3, 
No  nucleated  reJs  or  deformity. 

16.200 

50 

ruronic  diffuse. 

15.  BOO 
16.800 
1B.000 

lasoo 

DiflereEtlal  count  normal. 
Cbrooic  diffuse.    Eclampsia. 

H. 

Ti 

1S.000 

14.300 

70 

M. 

14,200 

H. 

18.400 

2.8W.000 

12.800 

44 

Polynuclpar.  77!l. 
Ectfioopliiies  =  0. 

13.500 

a. 

19.400 
12.400 

60 

ffV 

V 

13,800 

8,104.000 

12,200 

S5 

Chronic  dlffiMe- 

W 

M 

12,100 

11,000 

& 

K. 

11.400 
11,300 

11,200 

2,M8.tW0 

8,800 

33 

44 

8.400 

100 

2,560.006 

7.rm 

30 

1     6,600 

M 

M. 

4,200 

I 


Chronic  Nephritis  with  TJr.biu^ 

Summary. 

While  Fells.  CMm. 

Between    3,000  and    6.000 « 

6,000    ■      8,000 9 

8.000  "     10.000 11 

"      10,000  "   ia,ooo 18 

12,000    "     14,000 IS 

14,000    "     10.000 18 

16,000    "     18,000 9 

18.000    "    20.000 S 

20.000  or  more 11 

Total M 

Average 16,100  + 
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Table  LVIII.,  B.— C'chonic  Dipfusb  NKi-onrns.    No  Ua^iiiA. 


ABB. 

flel. 

-whlw  »ll>. 

Age. 

sex 

wbiwwll.. 

Agr. 

SM. 

While  celU. 

28 

~ 

24,700 

17 

M. 

10,400 

28 

I 

7,600 

so 

28,200 

50 

10,800 

25 

7,600 

21 

16,000 

43 

F.* 

10.300 

17 

M. 

7,000 

56 

18,500 

20 

10,200 

55 

M, 

7,400 

51 

18,(100 

10,100 

84 

M. 

7.400 

45 

H. 

16,300 

52 

10,000 

no 

F. 

7.800 

16,000 

60 

10,000 

28 

7,300 

ee 

1.5,800 

90 

F-' 

10,000 

2a 

M, 

7,000 

43 

M. 

14,500 

03 

F. 

9,800 

43 

7.000 

IS 

14.800 

ao 

0,500 

41 

M. 

8.800 

aa 

F. 

14,000 

35 

0,000 

8 

M. 

6.800 

86 

M. 

14,000 

94 

F.' 

D.OOO 

H 

M. 

6.500 

47 

18,100 

36 

B.800 

38 

SI, 

6.600 

27 

M. 

13.000 

M 

8.700 

M. 

6.400 

11 

M. 

13,000 

45 

8.300  April  Stii 
13,000 

20 

F. 

6,250 

88 

12.800  April  4th 

41 

31. 

S,BO0 

IB.BOOAprilBth 

April  Sth, 

42 

6,000 

28,650 

30 

M. 

8,300 

30 

P.* 

G,200 

April  Oi.h,(Iied, 

37 

F, 

8,300 

37 

M. 

0,100 

18 

P. 

13,700 

58 

8,200 

80 

M. 

B,000 

4S 

11.200 

16 

8,100 

.W 

M, 

4,800 

» 

It 

11.300 

,'» 

8,100 

30 

M. 

4.0O0 

10 

F. 

11,000 

83 

M. 

7,000 

41 

M. 

8,000 

47 

P. 

10.800 

14 

M. 

7.750 

25 

1,400 

08 

H. 

10.700 

10 

F. 

7,700 

The  same  wide  range  is  seen  in  Table  LVIII,,  A  and  B,  in  which 
I  have  divided  the  iirtemic  aud  the  non-uiTEiuic  oases  into  sei>arate 
tables.  It  will  be  seen  fi-om  these  that  fifty-tive  out  of  niuety-fonr 
ursemic  cases  showed  leucocytosis,  wliile  sisty-one  out  of  ninety- 
two  non-unemic  cases  showed  no  leucocytosis.  It  is  impossible  to 
suppose  that  this  is  mei'e  coincidence. 

Table  US,— Chbomic  DipycsE  Nephritis.    No  Uilsmia. 


Aire. 

8ei, 

KedcellL 

^" 

Per  rent 

KU.Wn. 

HeaiMrla. 

00 

3.493,000 

80,000 

42 

Wilh  bronchitis. 

28 

8,500,00( 

26.300 

60 

16,100 

35 

April  14th. 

13.400 

20 

April  80th. 

8,900 

May  Ul. 

11 

3,6ao,00( 

15.600 

03 

3,368.00(: 

14,600 

4.5 

4. 372.  OCX 

14.400 

45 

19 

5,864.000 

14,800 

Qr, 

AmvloUl  liver  and  spleen.    February 

868  SPECIAL  PATHOLOGY  OP  THB   BLOOD. 

Table  LIX.— Ciihomc  DinnrsK  NRPHRrria;  No  la«MU  IConlinueO). 


Age.  Se 

a.    UednlbL 

Wbiu 

NiUi. 

bwnia- 

RlOllld. 

.^ 

6,092,000 

13,700 

Prom  ear. 

5,740,000 

18.700 

From  finger. 

S4     . 

.     3,834, 0(Ht 

11,400 

56 

4.3«a.0«0     ia,61H) 

IS     . 

.     3.734.0001    ll.aoo 

45 

85     . 

.     8,164,000 

10,600 

60 

Tertiary  sTpMUs.                             ^^H 

43     . 

.     4.828,000 

10,100 

65 

(EdenuL.                                             ^H 

IB     . 

.     8,776.000 

10.000 

56 

Cardiac  hypcrtropbj-.                    ^H 

28     . 

.     4.560,000 

10,000 

45 

47     . 

.     4,450.000 

e,HO0 

50 

21      . 

.     4,OWI.000 

S.OOO 

70 

43     . 

3,416.000 

7.000 

SO 

6a     . 

.     4.860.000 

6.:t00 

50 

Aw-ltes.                                        ^^^ 

34     . 

.     4,800.000 

5.700 

65 

36 

.     1,468.000 

8,800 

23 

able  varintion  in  size;  nuuiy  ov»l 
tonaa:  cunalderabie  poitcUocy taste. 

1,160,000 

19 

P.iiyuudairs,71.BS;ljmphocytes,S4.as; 

1.84:  ruytlocjt**,  6;  megaloblMU,  Bj 
uormobJanta.  8.     November  5lh. 

1.752.000 

32 

Piilynuclttirs,  69.4$;  lyinpliocyteB. 
23,3t;   !nrge  lympLocytes,  3,8l;   w- 

sinopbilc'S.     1,«»:     megaldblaslfl.     4; 

noriuoblastfl,  2.     November  13lli. 

3,348.000 

80 

Potynuclears.  65.4f  i  lympLoc^-ies.  2)^: 
largo  lyniphocytei,  »%;  eostnopliilM, 
8.41 ;  boaopliilM.  8:  meKaloblosts,  1; 
normoMusis,  0.    November  MUh. 

2,540.000 

48 

PolynucleiiTs,  70.24;  lymphocyles,  235; 
!urgclymi>liocyti».2.6*;eo8inopliiles, 
8  4f;  iMMipliiW,  .8^.  ItMvarialioDln 
Hize  nnci  slinpe  less  marked.  Hegalo- 
bliLsts.  1,     November  27tb. 

a.89a,0(M) 

00 

D.'cciiib.-r  6tb. 

3.580,000 

"a'.em 

05 

Polynuck-nra,  70*:  lympbocytes.  17.8*; 
Urge  lympliwvtoi.  1.8*;  wisinophlles. 

1.6J.     Re-ls  slaiu  well;  slight  polkl- 

locytosls  anil  varialion  in  siz«;    no 

nucleated  reds. 

86     . 

5,080,00-1 

75 

Hemorrhttgie  m-pUrills. 

CnB< 


3  Diffuse  NEPHHrris;  No  Un.KMii. 


Bctvrccn     2,000  nnd    6.000. 4 

6.000    "      8,000 13 

8.000  ■■  10.000 IS 

-        10,000  "  13,000 87 

"   13.000  -  14,000 n 


CBBONIC  INTEKSTIAL  IfBPHRITIB. 

Belween  U,00n>inil  1(1.000 9 

lU.iHXl    "     18,000  5 

20,000+ or  more  6 

Total 92 

Average 11.000  + 

CHRONIC  INTEH8TITIAL  NEPIIHITIS. 
Hayein  fniuid  the  fibrin  iiioie  increased  in  this  form  of  nephritis 
Lthftii  iu  aiiy  other,  and  the  anaemia  less  prouoiuiced. 
Grawitz  distinguishes  two  stages; 

9  long  as  the  heart  is  strong  enough  to  overcome  the  tii- 
'esistunce  ut  the  iirnphery  and  the  disturbances  of  cireula- 
lon  are  not  marked,  the  blood  is  normal. 

II.   Whpn  compensatory  hypt-rtrophy  is  no  longer  sufficient  to 
le  work  of  folding  tlie  blood  through  the  system,  the  usual 
a  of  failing  t'ompensatiou  (sue  Heart  Disease,  page  353)  appear 
ffdilution  and  Biibsequent  concentration  of  the  blood>. 
The  white  eclU  are  normal. 

Pieraccini  (luf,  fU.)  has  recently  studied  with  care  seventeen 
Bases  of  nephritis  of  various  ty|K-R,  paying  especial  attention  to  tlie 
'differential  fount  of  leucocytes.  He  coneliides  (page  2$'Z)  that; 
"Toxa?inia  of  renal  origin,  ooeurring  iu  any  variety  of  nephritis, 
diminishes  the  number  of  eireulating  eosinophiles  in  proportion  to  the 

I  degree  of  the  toxeeuiin.  In  Uie  severest  cases  the  eosinophiles  al- 
together disapiiear  from  the  cii-culation.  .  .  .  With  ttie  remission 
of  toxic  symptoms  the  eosinophiles  tend  to  return  to  normal  or  to 
Hse  above  normal,"  The  disappearance  of  eosinophiles  from  the 
blood  of  a  case  of  nephritis  is  therefore,  he  says,  a  bad  prognostic 
k^^n.  This  is  of  special  importance  iu  the  nephritis  of  pregnancy. 
In  conditions  i-esembling  those  of  uneinia — c.y.,  hysterical,  epi- 
leptic, or  Bjphilitio  convulsions,  coma  from  alcoholism,  apoplexy  or 
following  epilepsy,  cardiac  asthma  or  cardiac  {edema—Pieraccini 
L  finds  the  eosinophilic  cells  undiminished.  [He  does  not  refer  to  the 
■'^pe  of  convulsions  occurring  in  dementia  paralytica  and  other  types 
mot  insanity  in  some  of  which  Oapps  and  Burrows  found  marked  dimi- 
■BUtion  or  absence  of  eosinophiles  (see  page  389),  but  it  is  very  pos- 
|;tible  that  these  convulsions  were  also  of  toxic,  if  not  of  uremic  origin.] 
Pieraccini  considers  the  percentage  of  eosinophiles  a  vahiable 
Edatum  in  the  diagnosis  between  hronchial  asthma  and  renal  aatlima. 
wfjn  the  latter  tliere  is  a  diminution,  in  the  former  an  increase  of  eosin- 
niphiles.     Between  a  "cardio-renal"  and  a  "  reno-cardial  "  dropsy 
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s  the  presence  of  eosinophiles  iii  normal  or  increased  per- 

avaa  that  llie  lieart  aud  not  the  kidney  is  chiefly  to  blame. 

rua[i[iearaDc«  of  eosinophiles,  however,  does  not  seeiu  to  him 

the  prognosis  as  much  in  ursmic  states  aa  it  appears  to  iu 

ijm   Haeases  (TOrck).     Especially  in  chronic  urKmia  the  aya- 

ei     to  become  so  adjusted  to  its  butdea  that  the  eosinopbiles 

rear  aud  remain  in  the  circulation  despite  decided  syiup- 

t  >>vitt«mic  poisoning  (^oc.  eit.,  p.  193), 

f       r  respects  Pieraccini  finds  no  abuormalities  in  the  blood 

t  nepliiitis.    The  number  and  quality  of  erythrocytes,  leu- 

I,  and  platelets  are  normal.     Rouleaux  formation,  coagulatioii, 

e  size  and  staining  reaction  of  the  corpuscles  are  also  normal. 

TAB1.B  LX.— CinioKic  iKTKRBTrniL  NEpnnrti*. 


a. 

AP>. 

tModlL 

WBH«»lll. 

pwerat 
tmnuffloMn. 

.«»^ 

2S.T00 

U 

70 

Dt'utb. 

m 

fl,0«0,»30 

19.000 

80 

Coma;  nioribuod. 

17.200 

70 

Marcli  35UJ. 

00 

nfl 

ifl.aoo 

00 

0 

4.M8,0«» 

1S.000 

60 

7 

M 

14, son 

715 

Unemia. 

8 

80 

14.41)0 

85 

i) 

«) 

14.1U0 

m 

Chronic  gasuitis. 

to 

»H 

13.000 

05 

I  ra-mia.     Autnpsy. 

80 

18,600 

73 

13.  SKI 

Mt 

4T 

18.B00 

70 

lloilDitis, 

ia,4oo 

Ml 

13.800 

SUtral  sufflcieucy. 

Id 

M 

ia.aoo 

00 

4.340,000 

ia,ooo 

87 

1« 

89 

11.600 

Ifl 

M 

1!.»X) 

75 

aa 

S,030,000 

11.100 

50 

10.8(K) 

B.800 

W 

4n 

9.700 

34 

m 

S.BOIt 

an 

84 

8,380.000 

M.aoo 

57 

HO 

00 

7,  WOO 

W 

Corcbrol  liemorrbage. 

as 

44 

B.800 

SO 

Urffinln, 

tn 

na 

B.eoo 

65 

Unemia. 

4.088.000 

«.000 

53 

aa 

0.000 

no 

3,900 

» 

88 



fl.400 

60 

STONE  D)  THE  KIDNEy.  871 

PTEL0NEPHRITI8, 
Table  LXI.  speaka  for  itself.  The  atupinia  is  often  severe  and 
leucocytosia  is  the  rule  in  my  experience,  but  Pieracciui  reports 
(loc.  cit.,  p.  252)  foar  cases  of  "open  pyelonephritis"  with  or  with- 
out cystitis,  none  of  which  showed  any  leucocytosia  nor  any  change 
iu  the  percentage  of  the  different  leucocytes. 

TAB1.E  LSI.— PYKLONKPaiUTIB. 


i 

.Ase. 

^. 

Redcella. 

wbiu 

Percent 

BtoblS". 

ReDjflrks. 

' 

24 

P. 

B,05«.000 
3,076,000 

31.300 
16,200 

41 

March  lOtb.     Uramia. 
March  18th. 

2,696,  OOC 

18.800 

88 

Marcli  27th. 

8.373,  OOC 

SB 

April  14lh. 

4,200,OOC 

16,800 

t 

M. 

4,336,00C 

15,530 

Djaiitis  also. 

A 

3B 

K. 

a,366.00C 

7,280 

60 

Dystitis  also. 

40 

6,800 

Table  LXII,— Cystic  SrouET. 


i 

Age. 

RedMllL 

While 

Per  mm 

vIoUd. 

ReiDirks. 

1 

56 

M. 

8,864,000 

4.400 

Polynuclear     cells,    72    per    cent. 
Supposed  cancer.    Enormous  Ann 
tumor  OD  each  aide.     Autopsy, 

The  eases  recorded  in  Table  LX.  are  probably  not  inconsistent 
with  these  niles.  Of  the  seven  cases  with  leucocytosia  three  were 
urremic,  and  in  a  fourth  the  influence  of  digestiou  ia  seen.  Tlie 
htenioglobin  is  lower  than  we  should  expect  from  Grawitz'a  account. 

Vrcemiaf  it  would  appear  from  these  tables,  may  cause  leucocy- 
tosia, or  at  any  rate  is  not  infrequently  associated  with  it.  Aside 
from  nraemia  and  hemorrhage,  nephritis  probably  does  not  cause 
leucocytosis. 

STONE  IN  THE  KIDNEY. 

(See  Table  LXIII.)  The  state  of  the  blood  depends  on  the 
amount  of  ulceration  caused  by  the  stone;  wbeu  this  ia  considerable 
we  have  leucocytosia. 
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Table  LXIIL— Stoics  in  tiik  Kidkbt. 


niTOM 

'"^ 

Ml. 

Ikj^u. 

cell.. 

K. 

Ileni«*i 

S3.H00 

M 

1 
1 

ie.so() 

10.800 

iR.noo 

M> 

Aiigaa.  ISUi.    PUo  «ODc 

M 

10.9)0 

Uiicli  puB  in  uHne.                   ^^ 

4.800,000 

U.70O 
IB,  MO 
10,300 

78 
73 

4 

U.UOO 

0.'> 

8,0B0 
fl,(IO() 

«.'. 

fl 

M. 

fl.ww.boo 

8,000 

7,S0ft 

W 

^1 

M. 

a.w8.ooo 

T.tlOO 

m 

M. 

e,ooo 
a,8oo 

iS.800 

vo 

70 

LTriv-ttctd  sl'iue  pusaed. 

M 

4,Ut)0 

as 

8,000 

0.100.000 

IB.flOO 

Two  wechn  lattr. 

Cancer  would  also  cause  leucocy  tosis,  l>ut  would  not  increase  fibrin 
as  a  rule,  w)itle  most  cases  of  stone  with  ulceration  do  iucrease  fibrin. 
FI,(}.\TING   KIDNEY. 

The  blood  is  normal.  This  fact  has  some  diagnostic  value;  for 
example,  when  we  confound  appciidipitis  with  Hoating  kidney,  as 
has  Ix-en  ilonp  (see  [jage  200).  Tlie  in-esence  of  leucocytosis  ex- 
cludes the  latter  and  fa\()rs  the  former.  Most  tumors  or  al>scesses 
with  which  a  floating  kidney  might  be  confused  could  be  distin- 
guished by  the  same  criterion. 

Table  LXIV.— Floatinu  Kiunev. 


i 

ABB 

«. 

Rfd  colln. 

WbJl*  ™in 

Pt-rwnt 
liffmn- 

RemwH. 

1 

« 

4,BM.0OO 

as.ooo 

IT.-lOO 
31.800 

ai.HK) 

« 

lion. 

April  4tlL, 

April  Bill. 

April  13tb.  Diff.  count  800.  Poly- 
nuclear,  67  per  rtnt:  Bmall  lym- 
pliocytee.  7;  large  lymphocytes. 
5.5;  coslnopLiles,  .5;  reds  avw 
age  slzo;  very  few  poikltocjtt*. 

BRONCHITIS. 
Tabim  LXIV.— Floatiko  Kidnst  {Oaniinntd). 


■i 

Age. 

Sei. 

Red  ceils. 

WhlW  wilt 

Blown. 

RemBTki. 

2 

B 
4 

fl 
6 

0 

fl,1 
34 

37 
41 

24 
fl7 

43 

■g 

88 
54 

r. 

1: 
I: 

F. 

F. 
F. 

4.493,000 

5.bM,(l6(l 
4,684,000 

5.4bb',6o6 

4.700.000 

11,800 
11.200 
H.300 
D.OOO 
8.100 
8,000 
6,000 
2.400 

65 

70 
75 
75 

«5 
69 
76 
75 

SO 
67 

80 

Double. 

11 
12 
13 

4,4ib!666 

■  isod ' 

7,800 

A  large  number  of  similar  counts  might  be  quoted. 

HYDIlOXEPIlROblS. 
Table  LXV. — HYDHONtPRROsts. 


1 

Aue. 

Bex. 

BhIwUl 

^r 

Per  runt 
BkiblB. 

n™^ 

3 

3 
4 

52 
4 
34 

an 

4.016,000 
5.408,000 

6,140,000 

16.400 

10.800 
14,300 
38,«O0 
9,200 
6.500 

75 

60 

80 
8S 

March    7th, 
Uan^h  12th. 

nperstinn.     CoDgenltal. 
Intermittent. 

PYONEPHROSIS. 

(■ase  I.— FemiiU-,  .36;  leucocytes,  16,200,  of  which  86  per  cent 
an-  iK'uti'ophilcR.     Half  a  pint  of  pus  found  at  operation. 

(■a.heII,— July  26th— Red  cells,  3,856,000;  white  cells,  9,800; 
liifnii>nlol>iii,  45  per  cent.  July  9th— Red  cells,  3,450,000;  white 
ccHs,  O.OOO;  liii-niogloinn,  55  per  cent.  August  3d— White  cells, 
6,(>5().     August  Ctli^OiMTiition.     Pint  of  foul  pus.     Death. 

DISEASES    OF    THE    LUNGS. 
HR0NX1I1TI8, 
"  Acute  catjirrhal  and  chronic  purulent  bronchitis  have  relatively 
little  k'ucDcytosis  in  moot  cases"  (v.  Lini1>eck). 

Kxcept  for  this  and  a  few  other  passing  references,  there  is 
liariUy  anything  in  literature  on  the  blood  in  bronchitis,  so  that  I 
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shall  be  forced  to  base  my  statements  chiefly  on  the  few  eomits  n 

corded  at  the  Massachusetts  General  Hospital. 

ACL'TE  BRONCHITIS. 

Aside  from  "capillary  bronchitis,"  cases  are  not  mfrequeiitly 

seen  in  which  the  signs  are  simply  those  of  general  bronchitis  at 

the  finer  tabes,  yet  the  symptoms  are  much  more  like  pneumonia. 

Whatever  may  be  the  real  conditions  in  the  lungs  of  such  pa- 

tients, their  blood  is  not  infrequently  exactly  like  that  of  pneumonia 

and  does  not  help  at  all  in  the  differential  diagnosis  between  the 

two  diseases  (see  Cases  1  and  2,  Table  LXVL). 

Table  LXVl.— Acute  Bbobchitm. 

Pertonl 

«• 

8m. 

BedceiH. 

wutcnau. 

glObIB, 

OmMita. 

"tT 

6,808,000 

45,000 

as.-ioo 

^ 

Fourth  day. 
Eleventh  day:  died. 

ee.soo 

70 

P. 

4.430,000 

41.000 

70 

ee 

F. 

4.800,000 

28,  WW 

66 

6 

28.000 

Whooping  cough. 
Teiiiiierature,  lol*. 

28 

25.  BOO 

67 

17.100 

Fourtliday;  well. 

83 

35,750 

Subacule;  temperature,  W. 

84 

33,500 

80 

Witb  enteritis;  temperature,  108*. 

23 

2it.450 

67 

Temperature,  101°. 

91 

32.30(1 

Ttrnperalure.  101°. 

7 

31,200 

Temiierature.  108'. 

6B 

30.400 

44 

o.'ew,bi» 

30,100 

58 

81 

18,100 

Temperature.  100'. 

8 

19.000 

Temiwrature,  B0.5". 

8C 

10,000 

Temperature,  88". 

SO 

17,200 

Subaeule. 

43 

17,000 
15,000 

Flrei  day ;  temperature.  100*. 
Four  days  later,  temperature.  98*. 

S8 

15.100 

41 

F. 

4."ite,bbb     is.ooo 

11.800 

as 

November  5th. 
Novenil>er  16th. 

,      IT.flOO 

November  25tli. 

55 

10.00"  1 

Subaeure;  temperature.  100*. 

36 

H. 

14.200 

70 

Tempt-rature,  101.5°. 

83 

18,  BOO 
10,300 
16.400 

eo 

Tempcraiure.  102'. 
Third  day. 
Sixth  dav. 

5S 

18,000 

Temperature,  100'. 

S 

18.000 
12,1100 
11.800 
6.600 

Temperature.  102.5°. 
Third  day;  temperature.  101* 
Sixth  day;  temperature.  100'. 
Eleveulhday;  temperature.  98*. 

38 

13.000 

Temiwrature.  101.5' 

W 

13,000 

65 

Temperature,  103°. 

38 

r.    «,iw,ooo 

13,000 

J 

ACUTE  BRONCHITIS. 


375 


Table  LXVI.— Acittb  BBONCHmfi  {CcnUinued). 


Age. 


Sex. 


M. 


46 
13 
20 
40 
81 
69 
42  M. 


50 
50 
88 
48 
25 
52 
25 
56 
86 

43 
29 


M. 
M. 


F. 
31. 


M. 
M. 
F. 
31. 


31. 


Red  cells. 


5,260.000 
5,952,000 


4,892,000 


Percent 

White  oeUs. 

luBino- 

globin. 

11,800 

•  • 

10,800 

•   • 

10,600 

65 

10,800 

•  • 

10,200 

•  • 

9,400 

•  • 

9.800 

8.000 

73 

7,900 

50 

7,800 

•  • 

7,800 

•  • 

7,200 

•  • 

7,000 

70 

7,000 

74 

6.800 

6,000 

72 

8.600 

•  • 

5.900 

•  ■ 

4.000 

80 

Remarks. 


Temperature,  104". 
Temperature,  102'. 
Temperature,  104*. 
Temperature,  101". 
Temperature,  102". 
Temperature,  101". 


Temperature,  99". 
Temperature,  102". 
Temperature,  lOO*. 

Temperature^  108*. 

October  Slst. 
November  8d. 
Temperature,  100". 
Temperature,  102". 


Acute  and  Subacute  BRONCHms. 

White  cells. 

Between    2,000  and   6,000 18 

6.000    "      8,000 81 

8,000    "    10,000 18 

10,000    "    12,000 22 

12,000    "     14,000 17 

14,000    **     16,000 15 

16,000    "    18,000 10 

18,000    "    20,000 18 

20,000    "    22,000 8 

22,000    "    24,000 7 

24.000    **    26.000 7 

26.000    **    45,000 7 

Total 168 

Average 12,800  + 

Table  LXYII.— CnRONic  BRONcnms. 


Apv 


V. 


Sex.     Red  cells. 


1       ni 

3  24 

4  Adull    M. 


•   •   •       • 


3,080.(K)0 


5 


!^0 


White 

Per  cent 

cells. 

hsemo- 

globln. 

38,000 

30.400 

80 

29.500 

18,500 

63 

18,400 

90 

Remarks. 
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I  *ni.K  LXVll.— Chronic  Broxciutm  {Cinitinutd). 


M- 

^ 

KM  Mia. 

WW1« 

tlXRHV 

irloMn. 

K^n-,^ 

17,100 

TO 

IS,  000 

70 

10.401) 

WIUi  empbymrma. 

18.400 

80 

M. 

15.000 

Chroiik    febrile,    wHti    l&rj-iigitis 

M 

16.000 

Temp.  68,11". 

SS 

14.800 

Temp.  100':  with  aithina. 
FibnnouH. 

w 

12.W0 

M 

19.400 

85 

48 

II.OOO 

Temp.  98' :  cbroaie  with   uirij.liy 
wnu. 

TO 

lO.fiOO 

16 

10,100 

m 

.4 

6.000 

Teiup.  m'. 

37 

K, 

is!884.MK) 

8.800 

78 

Conaliiwlicn ;     neunwUienfai ;     two 
weeks  afebrile. 

M 

4.300,000 

S.OOO 

es 

Five  muiitbs. 

F. 



T.ftM 

78 

M. 

7.792 

KeralUls,    conjunct! viiw        Nu 

90 

P. 

4.700.000 

6.700 

70 

8yiiipl(mii>. 
Afitliiiiu. 

4S 

6.700 

83 

M 

F. 

i.mooit 

n.noo 

81 

Empyema  of  ihe  Eiulruiii. 

n« 

M. 

n.0«2 

Une  month. 

In  the  majority  of  acute  cases,  however,  the  blood  shows  no 
changes  unless  coneentiation  due  to  cyanosis  be  present. 

In  chronic  cases  (Table  LXVII.)  leueoeytosis  is  uncommon; 
more  so,  1  think,  than  the  table  rejireseiits.  If  moi-e  counts  were 
added,  nearly  all,  I  think,  wituld  !»  normal. 

The  red  cells  and  haemoglobin  sliow  no  cliaiiges  to  sjwak  of  in 
either  acute  or  chronic  cases. 

The  lihiod  has  no  diagnostic  value  so  far  as  I  know,  except  that 
when  pneumonia  is  in  question  a  normal  count  of  white  cells  speaks 
against  it  and  in  favor  of  bronchitis.  If  emphysema  is  also  present, 
it  sometimes  produces  a  condition  of  the  blood  different  from  that 
in  simple  bronchitis. 

EMPHYSEMA  AND  ASTHMA. 

Grawitz  vcjiovts  an  increase  in  the  nnndMT  of  red  cells  in  «»• 

phyaema,  ivliich  he  Iwlieves  to  ite  due  to  cj-anosis,  and   this  covers 

up  the  really  auiemic  condition  of  the  blood  of  many  patients. 

Practically  the  same  conditions  are  present  as  in  the  cyanosis  of 
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heart  disease  (see  page  353)  and  the  coucentration  of  the  uiooU  is 
bvought  about  in  tlje  suiiie  way.     Leicli  ten  stem  '  noticed  a  diiiiiiiii- 
tiun  in  hEeiiioglobin  at  the  time  when  the  heart  lii-st  fails,  due  pl'nlta- 
bly  to  the  diminished  blood  pvcssure  wliieh  allows  the  lymph  fioni 
neigliboring  tissues  to  How  into  the  vessels  and  dilute  the  blood. 
In  both  asthma  and  emphysema  it  has  been  nott-d  by  Muller,' 

numerous  in  the  sputum,  and  Fink'  also  noted  an  increase  ot  the 
same  cells  in  tlie  blond,  running  as  higli  as  14.6  per  cent  instead  of 
the  noriiml  one  to  two  per  cent.     This  increase  is  present  only  at 
■        the  time  of  the  paroxysm  and  for  a  short  time  before  and  after  il, 
1      "Von  Noorden  fonnd  in  one  case  25  per  cent  of  eosinophiles  durintt 
H       an  attjiek,  and  a  few  days  later  conld  disi-over  btit  one  eosinophile 
1       in  twelve  cover  slips.     In  another  case,  after  live  attacks  on  suc- 
B       cessive  days,  the  eosinophiles  were  3S  per  cent.     Billings'  reports 
H       the  following  counts: 

1 

Jiniurr  iUli. 

Febn..rT.U.. 

8,011.000 
8.1W0 
68.0  per  cut. 

86.0  jwr  cent. 

S.O  per  cent. 

5.2  per  cent, 

68,61  percent. 

Few  normob  lasts. 

4.881.000 

7.«W 

75  per  cent. 

88,3  per  cent. 

4.680,000 

7.000 
86  per  cent. 

88.9  per  ceol. 

No  nucleated  red 
cells. 

Hemoglobin 

Polymorpbonuclear 

cells 

H        LvmphocyteH  (small). . 

" 

Tlieir  presenoe  in  increased    numbers  before  a  paroxysm  is  said 
to  make  it  possible  to  predict  its  coming  (v.  Noorden,  Schwer- 
^L     skewski).     Coler  reports  a  case  of  astlima  with  leucocytosis  of  52,- 
H     000,  25  per  cent  of  which  was  made  up  of  eosinophiles.     The  case 
^E     was  complicated  with  extensive  purpura,  painful  muscles,  and  ex- 
H     treme  cyanosis,  but  microscopic  examination  of  the  affected  mu.scles 
^1     showed  no  trichinae. 

H           Wolff'  followed  a  case  for  over  a  year  and  found  the  eosinophiles 
H            '"Uebenlua  Ilb-Gcbalt  dca  Bluk's."  •'Ic..  Ix'ipaic,  1878. 
H            'Ret.  In  Fink,  -Beitragey;.  Kennt.  ilea  EilefB."  Dissert..  Bonn.  1890, 
H            '  ForWchritle  der  Med  .  18811.                                                                                             ^^ 
H            *Arcb.  r.  cxp.  Path,  und  nmrm..  18B0.  p.  83.                                                          ^^^H 

■  » New  York  Med.  Journal,  May  22d.  1897.                                                                  ^^^H 

■  •Wolff:  Ziegkr'8  B«itra^-e.                                                                                           ^^^H 
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always  over  tea  per  cent,  although  durmg  six  months  of  this  time 
tliere  wei-e  no  paroxysms.     He  lias  noted  aimilar  conditions  in  two 

I  ■  cases  of  hay  fever. 

I  have  watched  one  subacute  case  without  well-utarked  parox- 
ysms or  periods  of  perfect  health.  The  hlood  was  frequeutly  es- 
amiued  and  showed  always  a  slight  lencocytoais  with  eleven  to  fif- 
teen per  ceut  of  eosinophiles.  As  this  applies  only  to  pnre  bronchial 
atthma  and  not  to  cases  secondary  to  disease  of  the  heart  or  kidney, 
Schreiber  states  that  we  are  enabled  to  distinguish  bronchial  from 
cardiac  or  renal  astlima  by  the  increase  of  eosinopliiles  in  the  blood 
and  sputa  in  bronchial  cases,  which  does  not  occur  in  asthma  due  to 

I  cardiac  an<l  renal  trouble.     Pieracciui  confirms  this.     Other  records 

\  tre  (Gabritschewsky): 

Ca»e  L—^VTifte  cells 8.200 

Eosinopliiles 10.08  per  cent. 

CMC  II.- Wliilc  cells e.SOO 

Eosinophiles SC.4  pvr  conL 

PoljQUclt«i» 86  • 

Table  LXIX.— Arbva. 


P«r»i]l 

Age 

Bel. 

RhImUi. 

RemutiL 

i 

alohlD. 

1 

05 

80.000 

00 

BruDCliinl    asthma:    broncliopneu- 

umiiia. 
February  3d.    Did.  count  200  celta: 

Polynuclear.  88  per  cent:    small 

lymphocyles.  8;   large  lympho- 

cytea,  9;  eosiuopbltes,  0. 
February  6ili. 

03,000 

8S.00O 

February  7tU 

BO,  000 

February  Olh.                                     \ 

a(),ooo 

February  12  111. 

a  1,000 

Pcbniary  14t!t. 

18,000 

February  I7ih. 

10.000 

FebruHry  3fltL. 

9 

26 

M. 

Ma,(wo 
lu.aoo 

Fifth.      Tt-mp.    100°.     BroachiiiB 

ami  (;rapli\»enui. 
Seventh.    Teniperature  nomiat. 
March  IKth,     EmphyscmA  i   poeu- 

mococeua;  bronchitis. 

» 

40 

82,000 

85 

28,000 

March  lltllj. 

80,(HX1 

March  23<i. 

ae.iKw 

March  30tli. 

4 

88 

81. BOO 

Bfl.OOO 

80 

July  ITtb;  InBuenM. 
July  28(1. 

0 

SO 

a«,ooo 

70 

EmphyBcma:  broDchitis:  mitral  iu- 
sulficlency. 

BYFHILI8  OF  THB  LUNQ. 
Table  LXIX.— Astiuu.  (ConUnutd). 


Age 

sex. 

Bed  colli. 

WblW 

Per  rem 

lUmirki. 

i 

glabln. 

0 

^ 

21,000 

OS 

inonlB.      Dlff.    count   600  cellsr 
PolvnuclcRT,  71.4  percent^   lym- 
phocytes, 24.8;  eoBtnopliiles.  8.8. 

7 

89 

20,000 

87 

Broncliial. 

8 

BO 

F. 

10.800 

60 

9 

a» 

18,600 

80 

parol  yam. 
Dlff.  count:    Polynuclcar,  D7.8  per 
cent:  lymphocyteB,  28.9;  eosino- 
pbllea,  18.8, 

It) 

65 

16,400 

90 

II 

78 

16.000 
18,800 

65 

February  14lh. 
February  16tb.    Death. 

12 

37 

13,400 

06 

Mitral  iosufflciency. 

18 

S2 

14.800 

73 

Broncbifll. 

14 

4i 

14.300 

9.1 

Nasal;  chronic  etbmolditU. 

15 

m 

18,800 

85 

m 

an 

13,800 

80 

17 

so 

18,600 

85 

Broncbiftl. 

i«  44 

18,800 

87 

Bronchial. 

191  flO 

13,800 

85 

Broncliial. 

20'  70 

M, 

h'M'oda 

18.000 

31  25 

12,400 

90 

Bronchial.     Dlfl.  count  BOO  cells: 
Polynuclcar,  64  per  cent;    lyin- 

22   24 

18.000 

73 

EosinophiU's.  4  percent. 
Bronchial.     DUf.   count  600  cells: 

23   8.5 

10,800 

es 

Polynuclear,  75.0  percent;  lym- 

24'  68 

10,000 

83 

2.5   2B 

51. 

9,760 

2fl   r.N 

9.400 

85 

27,  a.1 

B.OOO 

90 

BronchltJB;    emphysema      Diff. 
count  400  cells:    Polynuclear,  80 

percent;  lymphocytes,  30;  cosin- 
ophtlea,  10. 

Chronic  interstitiil  nephritis. 

ay  20 
ail  63 

8,000 
7.400 

80 
80 

Ht)   3-5 

0,600 

85 

Arteriosclerosis. 

For  Pucutnoiiia,  see  page  189. 

Fnr  Plithisis,  see  page  291. 

For  Abscess  of  Lung,  see  page  380- 

8YPIIILIS  OF  THE  LUNG. 
In  a  case  of  sjpliilitic  infiltration  of  the  lung  (autopsy — Dra. 
Couiifilinan  and  Wriglit)  recently  observed  at  the  Massachusetts 
General  Hospital  tlie  leucocytes  rose  rapidly  from  8,700  to  27,400 
as  death  approached. 
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lABi^  LXX.— Gakorene  of  Li'no  and  Abocebb. 


Age. 

RedoeUi. 

White  i'«lk. 

P,^. 

RmuirtM. 

M.WK) 

Abscess;  autopsy. 

4a 

22,400 

Ab&cesg  after  gnppe. 

1H 

IK4IW 

Oaugrcno. 

lo,eou 

7.4O0 

n.iNM 

.... 

November  7111 ;  abscess. 
NovumlxT  »lli. 
November  Utb. 
Noyember  IBth. 

4H 

16.400 

' 

M 

Ifl.BOd 

fflJ.OKO 
18.300 

Fouripenlh  day. 
Bixtcenth  dav.                          j 
Nineteenth  dny.                         * 
Twenlv-fir8t  (Liy.                       1 

as.ooo 

27.000 

37.000 

Twfnty-siiOj  day,                   ■ 

SI. 000 

TweDty-ninlh  day. 

17.000 

Tbirty.Beconddfty:  better. 

80.000 

Thirty-Blxtji  day. 

1S,800 

Fifty -fourth  day, 

ni 

fl.OOO 

8,40(( 

Abaceas. 

PART  V. 

DISEASES  OF  THE  NERVOUS  STSTEM,  CON- 
STITUTIONAL DISEASES,   AND  HEUOB- 
BHAGIC  DISEASES. 


CHAPTER  VIII. 

DISEASES    OF    THE    NERVOUS    SYSTEM. 

NEURITIS. 

Ix  cases  of  multiple  neuritis,  febrile  and  apparently  of  an  infec- 
tioufl  nature,  the  following  counts  are  found  In  the  records  of  the 
.Massaclmsetta  General  Hospital : 


:    Ave 

Sex. 

Whiw 

KlOblD. 

BMUltl. 

ll    ,. 
1 

2   24 

,816.000 
.830,000 

25.000 
24,  MOO 
18.700 
31.000 

la.ooo 

28.700 
lU.-TOO 
SS.300 
82,H00 
10.000 
10.400 

io.:mo 

10.100 
tl.OOO 

8.400 

0,400 

43 

80 

70 

85 
BS 
68 
86 

ei 

July  10th.    Temperature  101". 

July  18th. 

July  Ifltb. 

July  20th. 

July  251  ll. 

July  3lM.    No  fever. 

August  7tb.    No  (ever. 

August  30lh.    No  fever. 

■1  a? 

n  3a 

Poljnuclear.  86  per  cent;  tympho- 

cylts.  63:eo8inophlles,  a.  (Couot. 
800  cells.) 

The  first  case,  a  l)oy  of  eleven,  recovered  and  left  the  hospital 

well. 
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But  theae  chauges  occur  also  iu  alcoholic  (afebrile)  nearitu,  as 
the  following  counts  show : 


i 

A««. 

Sex. 

BedcKlli, 

wwui 

Percent 
Blabln. 

Knuam. 

1 

s 

8 

4 

37 
40 

ao 
as 

8.'608,«K) 
8,260.000 

8,<»i.0OO 

31.300 

n.4oo 

16,1(10 
1S,000 
14,000 
18.700 
13.000 
11,200 
7.700 
7,600 
16.700 

BO 

75 
64 
60 
40 
66 
BO 

B2 

January  Slal. 
Februarr  3d. 
Flibruriry  4Ui. 
Pneumonia.   No  mitopsy.              1 

In  all  cases  the  counts  were  mtide  just  at  meal-time,  so  that  the 
leuoocytusis  ia  not  due  to  digestion.  Gastritis  was  uot  present  in 
either  case. 

One  case  of  post-diphtheritio  neuritis  in  a  child  of  eight  showed 
the  presence  of  aneemia  only:  Bed  cells,  3,850,000;  white  c«lls, 
7,393;  hiemoglobin,  70  per  cent. 

Ueuritis  iu  lead  poisoning  does  not  affoct  the  count  of  leuoo- 
oytes,  as  twenty-five  cases  studied  at  the  Massachusetts  Qeneral 
Hospital  have  shown. 


Table  LXXI.— Herpes  Zobter. 

No. 

iKH 

Redeem. 

White  mill. 

VtKsenl 

ReaiMiia. 

1 

fa 

15.600 

Temperature  90°. 
October  aSd. 

9 

46 

14,000 

SO 

i4,aoo 

October  25th. 

15.000 

October  28tb. 

10.000 

90 

4 

74 

9,100 

S 

W 

8.500 

60 

6 

tia 

5,700 

90 

Neuralgia,  whether  facial,  intercostal,  sciatic,  or  ovarian,  showed 
normal  blood  iu  numerous  cases  examined  at  the  Massachusetts 
General  Hospital. 
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Meningitis  (see  Inflammation  of  Serous  Membranes,  page  284). 

Zappert  in  one  case  of  brain  abscess  found  only  4,000  white  cells. 

In  jja^hf/meningitis  hasmorrhagica  and  cerebral  syphilis  (one  case 
of  each)  v.  Jaksch  found  leucocytosis.  My  own  experience  has 
been  the  same. 

EPILEPSY. 
Pieraceini  (loc^  cit.)  records  the  following: 


• 

Age. 

17 
24 

Per  cent 
polynuclear. 

Percent 
lympbocytes. 

Per  cent 
eosinophlleB. 

Remarks. 

1 

2 

74.3 
90.3 

18.1 
8.3 

7.4 
1.2 

During  pofit-conyulsive  sleep.    Pa- 

tientls  an  idiot. 
Two  hours  after  convulsion. 

Table  LXXII.— Puerperal  Eclahpsla  (PiERACcnn). 


No 

Per  cent 

Per  cent 

Per  cent 

RMViArkfl. 

polynuclear. 

lymphocytes. 

eosinopbilet. 

1 

73.7 

0.2 

Ursemic. 

78.2 

5.3 

0.  K. 

2 

87.1 

0 

Eclamptic. 

82.9 

1.2 

O.K. 

77.3 

•  •  •  •       •  •  • 

2.5 

O.K. 

3 

84.6 

0 

Eclamptic. 

79.6 

2.6 

O.  K. 

84.0 

7.2 

0.  K. 

4 

80.3 

1.2 

Eclamptic. 

77.4 

2.5 

O.K. 

Cerebral  and  Cerebellar  Tumors. — Von  Jaksch  found  slight 
leucocytosis  in  two  cases  of  brain  tumor  and  one  of  cysticercosis, 
Zappert  found  normal  blood  in  one  case  of  cerebral  tumor. 

Table  LXXIII. — Cerebral  Tumor. 


• 

c 

Age. 

Sex. 

•  • 

•  • 

•  • 

Red  cells. 

White 
cell*. 

Per.  cent 
haemo- 
globin. 

Remarks. 

1  43 

2  38 

3  10 

4  59 

) 



18,100 
16,900 
16,200 
16,200 
15,900 

70 
75 

90 

80 

•   ■ 

April  7th. 
April  9th. 

1 
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Table  LXXIIL-C'ereuba 

l>erPMH 

1 

^ 

MX. 

ItMmlls. 

t«lls. 

hvino- 

gjobln. 

RPDiBrlu.                             ■ 

17.'»0 

April  Uib.                                          1 

i7.»no 

April  14tli. 

■8 

IB.000 

100 

I 

l5,tM» 

80 

April  lOUi.     Glioma  of  tJi«  <:uf  pun 
qtiadrigKiniiut    And    cerFbollun. 

April  SOtli!                                     ■! 

ai.wio 

ia.80() 

April  SIM.                                      ■ 

a4,&oo 

SO 

Jnnu  80Ut.                                     M 

W.flrtO 

July  I8tl..                           ^^^M 

14.400 

July  Sftl.                         _^^^M 

It),  000 

^^^^^M 

18,100 

July                            ^^^^H 

1S.0UU 

AUKUxt  ad.                  ^^^^H 

ai.ooo 

August  SU..                          ^^^M 

25,300 

August  lOth.                                 V 

86,400 

AugUBt  12Ui.                                      ■ 

31,000 

AugUiil  IRUi.                                  ■ 

81,400 

August  1»Tl).                                        ■ 

SS.fiOO 

August  aim. 

a«,6oo 

Aiigusl  28(1. 

80.800 

August  :!ltUi, 

31.000 

\[ 

August  set]). 

9B.3O0 

Beptemlicr  Sd. 

34,000 

BcptcutlHT  8tl), 

19,400 

17,200 

SeptcmlHT  10th. 
StptemlHT  IStli. 

18)800 

Si-pU'inlKTlHih.  Dit-d October lath. 

I 

sa 

!.^,l(00 

18 

14,-^)0 

18.700 

9 

14.400 

8n 

riinl 

10 

48 

u.ooo 

100 

11 

l«,ll)0 

8.1 

IS 

26 

18,500 

18 

4 

12,200 

70 

14 

87 

10,000 

00 

IG 

42 

10.400 

80 

Id 

89 

B,840 

70 

17 

88 

9,800 

88 

18 

SO 

9,(M)0 

1)0 

19 

sa 

0,000 

73 

ao 

48 

H.aoo 

90 

81 

84 

7,WO0 

90 

n 

08 

7,000 

2a 

eo 

5,»INI 

Wi   ' 

34 

81 

iioo 

Fresh  cerebral  heniorrhaffe  usually  pauses    leiicocytosis,  as  the 
followiiiR  tablp  shnivs  : 


DIHBABBS  OF  THE  BRA.IN. 


Table  LXXIV— Cebbbral  HsMORBHAaE. 


i 

ABf. 

S«I. 

Redeem. 

White 

PorceDt 

Etoblo. 

Renmru. 

ij  43" 

M. 

81.000 

B5 

AutOpH}'. 

a-  52 

M. 

80.000 

PolynucleaT  cells,  93  per  cent. 

i 

6.'6I  2.000 

2.'5,000 

8S 

Autopsy. 

8  82 

80.000 

100 

Autopsv. 

4'  60 

29.700 

Autopsy. 

5   57 

27.000 

166 

Autopey.  veutrlcular. 

V" 

24.000 

80 

Death. 

7^  60 

28,600 
26.000 

Spcoud  day. 

B  55 

22.200 

Coma. 

9   60 

19.BO0 

10'  6.1  i   .. 

19,800 

78 

Autopsy. 

11  47  ;  M. 

19,400 

Autopsy. 

12'  54      .. 

19.000 

65 

13    73 

ie,800 
22,600 

88 

November  17th. 
November  19tli. 

16.300 

November  31st    Autopsy. 

14     V 

18,400 

80 

.M\illilil.-  uilli  meningeftl    bemor- 
rhage.    Autopsy. 

15'  47 

18,400 

85 

ChroDic  dlffuBe  nephritis. 

16   43 

18,000 

8S 

17   63 

17,400 

93 

Death. 

18   50 

17,400 

100 

Coma.     HeiDlplegia. 

10   40 

17.200 

95 

2V   70 

F. 

16,800 

68 

Hemoirbage     four    (lays     before 
couDt.    Autopsy. 

5,600,000 

1S.600 

90 

21    7U      . . 

16.700 

85 

Death. 

22   50  ■    , . 
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Death. 
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Death. 
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Temp.  104.7°.    Died. 

37  5<i     . , 

14.500 

78 
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90 
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90 
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Humiplegia.    Died. 
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96 
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W     r                

12,*»0 

95 

Dentil. 

3.-.   37     M 

12,300 

70 

3(1   OS      ..   :   

13,000 

11,900 

No  coma. 

37    .55  '   ,  ,   ■     

11,800 

3N    42      

11,1100 

W   r,H      

11,300 

100 

Death. 

4(1    4W      

10,800 

70 

41    4'J      

10,.50O 

90 

Nephritis.    Death. 

i-i 

■^ 

M. 



10,400 

58 

Conscious;  recovered. 
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CAISSON  DISEASE, 


I8.SW 
10,700 
7.700 
19.200 

ll.OOO 


December  10th. 
D<:cvinber  30tb. 

April  15tli. 

April  lOtb.  DIff.  tuuot  500  im\U 
Poly  nuclear,  80  per  c«ut;  lym 
phocyteB.   83;   coainup^ilrs.    0,5 

mast  (.'ells,  0,9, 


August  4tli. 
August  5ili. 
August  7[li. 


In  a  carefully  studied  case  of  iniernuttent  claudication  the  fol- 
lowing eounta  were  recorded  at  the  Massachusetts  General  Hospital: 


TaBLK   LXXV, — ISTERMITTENT   CLAI 


21,600 
25,200 
16,900 
10.300 
I   87.400 


Junuary  IStb, 
Januiiry  20ih. 
J  ail  nary  34  lb. 
January  36tli. 
Juuuiiry  ^Otli. 
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Affe. 

Red  cells. 

Wbite 

Per  cent 

Remarki. 

cells. 

bsemoirloblii. 

25,400 

February  4th. 

26.200 

February  11th. 

39.100 

February  18th. 

45,700 

February  2l8t. 

26,200 

February  26th. 

27,400 

March  5th. 

81,600 

March  16th. 

CHOREA  AND  TETANY. 

Chorea  showed  in  twelve  cases  normal  blood  except  for  increased 
percentages  of  eosinophiles,  as  in  Zappert's  four  cases,  counted  630- 
1,360  (8-19  per  cent)  of  eosinophiles.  Brown  *  confirms  this  on  the 
basis  of  twelve  observations  in  a  case  of  chorea.  Eosinophiles  were 
constantly  increased,  live  to  nine  per  cent. 

Burr  ^  has  made  a  careful  study  of  the  blood  in  thirty-six  cases 
and  arrived  at  the  following  conclusions :  There  are  usually  a  slight 
diminution  iu  red  cells  and  a  moderate  diminution  in  hcsmoglobin. 
Any  severe  grade  of  anaemia  is  due  to  some  complication.  He  did 
not  record  the  leucocytes.     Tetany  shows  no  blood  changes. 

DISEASES    OF    THE    SPINAL    CORD. 

Chronic  diseases  of  tlie  spinal  cord,  such  as  tabes  dorsalis,  sy- 
ringomyelia, spastic  paraplegia,  diffuse  myelitis,  paralysis  agitans, 
and  progressive  muscular  atrophy,  are  found  to  produce  no  changes 
in  the  blood,  but  acute  myelitis  may  produce  marked  and  persistent 
leucocy tosis,  as  the  following  case  shows : 


Table  LXXVL— Myelitis. 


AKe. 

Red  cells.       Whit»^  cells.' J^^^f°J,„ 

Remarlu. 

80 

19,1(X» 

!     16.(MM) 
1      15.(MK) 

1     19.000 

90 

• « 
•  • 

February  25th.     Acute  general. 
March  Ist. 
March  8(1. 
March  5th. 
March  7th. 

'  Brown :  Maryland  Med.  Journal,  July,  1902. 
'Burr:  Univ.  Med.  Mag.,  vol.  ix.,  p.  168. 
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Table  LXSVI. — Mtelttw  (Qmtinu^). 


Bedoelb. 

,.,.«. 
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B™»rto. 

27.00(1 

March  9tb. 

87.BO0 

March  lltb. 

88.600 

MarcJ.  laiU. 

31,800 

March  15th. 
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March  17lh. 

H.sm 

MaKh  19th.                                ^^ 

22.800 

Marcb  21st                               ^H 

19.600 

March  2Scl.                                ^H 

14,B0O 

Marcli  2Sth.                              ^^^ 

to.»oo 

Mnrt-b  27lh.                                    ^    1 

MairJi  2i4th.     Diff.  count.  MO  c«Ite: 

Polynuclear.  71.2  per  wnt:   amall 

Ijrmpliocyles.  38.8;  large  lymplio- 

lUOblHBtB.  1. 

18.700 

70 

Manb  8Btli. 

18.000 

March  3lBt. 

ie.000 

April  2d. 

17.000 

April  4ih.                                    ^_ 

I8,8<K) 

April  8ih.                                 _^B 

so.ooo 

April  t>th.                                 ^^1 

n.ooo 

April  IQth.                                    ^H 

2a,40lJ 

ApHI  12th.                                     ^H 

17,700 

April  Uth.                                     ^ 

i 

U.OOO 

April  lOth.     Autopsv. 

For  Spinal  Meningitis,  see  page  284. 


GENERAL  PAKALYSI8  OF  THE  INSANE, 

Capps '  has  made  a  careful  studj'  of  tlie  bloo<l  in  nineteen  cases 
and  comes  to  the  following  conclusions: 

1.  Red  corpuflcles  and  lifemoglobin  are  always  slightly  dimin- 
ished, the  averages  Wmg  4,789,900  and  85  per  cent. 

2.  Most  cases  show  a  slight  leucocytosis — 22  per  cent  above  the 
normal  on  the  average.     Early  cases  may  have  no  leucooytosia. 

3.  The  polymorphonuclear  leucocytes  average  nearly  74  per  cent 
and  the  smaller  forms  of  lymphocytes  only  14.2  per  cent,  while 
the  larger  forms  of  lymphocytes  are  relatively  numerous,  averaging 
7.8  per  cent.  In  a  few  cases  tlie  eosinophiles  were  very  numerous ' 
(8.7  and  6.4  percent). 

'  American  Journal  of  tlic  Mtdieal  Sciences,  July,  1896. 
•RoncoronI  (Archiv,   Ui  Psirhint.   Scicii.,  1894,  p,   203)  flnds  eosinophiles 
increased  even  lr>  Iwenty-flve  per  cent  hi  tlie  ngltateil  nnil  violent  COKS, 
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4.  At  tlie  time  of  emiruulothg  tlm  red  cells  aiid  beemoglobiii  are 
apparently  increased,  due  iiu  doubt  to  the  violent  muscular  coii- 
tractious  which  i-aise  blood  pressure  and  concentrate  the  blood,  or  to 
cyauosis. 

There  is  a  sudden  and  pronounced  increase  in  the  leucocytes 
duriug  and  after  convulsions  or  apoplectiform  attacks.  That  tliis  is 
□Dt  due  to  concentration  of  the  blood  or  to  stasis  Capps  thinks  is 
shown  hy  the  fact  that  not  only  the  number,  but  tlie  differential 
count  of  whit«  cells  shows  changes,  the  "  larije  monoHuelear "  eell» 
being  relatively  ijicreated,  sometimes  as  high  as  25  per  cent.  Mi/c- 
lorytes  were  seen  in  one  case  after  the  convulsions,  and  especially 
just  before  death,  when  in  a  leucocytosis  of  18,250  11  per  cent  were 
myelocytes. ' 


HYSTERIA  AND  NEURASTHENIA:  HYPOCHONDRIASIS. 

A  large  number  of  cases  have  been  counted  at  the  Massachu- 
setts General  Hospital  with  a  view  of  excluding  other  diseases. 
The  blood  count  is  always  normal  except  tliat  in  a  certain  number 
of  the  hysterical  cases  eosJnophiles  ai'e  relatively  increased,  and 
that  many  of  the  neurasthenics  sliow  the  increased  percentage  of 
lymphocytes  which  I  have  alluded  to  above  (page  106)  as  charac- 
teristic of  a  variety  of  debilitated  conditions. 

Marked  aiiiemia  U  eeUom  present,  a.\tha\tgh  the  btenioglobiu  is 
not  infreiiuently  as  low  as  65  i>er  cent,  Reinert '  found  the  liEemo- 
globiu  under  60  per  cent  in  only  4  out  of  48  cases  of  hysteria,  and 
in  noue  of  36  neurasthenics. 

The  vahie  of  the  blood  examination  in  such  cases,  like  that  of 
the  nriue  or  the  lungs  in  hysteria,  Is  as  negative  evidence,  and  in 
tUia  respect  it  is  important.     When  the  diacrepancy  between  com- 

'  Ltiucocytosia  bos  been  repeatedly  ooiiced  in  coDVulaions  from  various 
causes.  Probably  the  irritaut  wtkicli  causes  Uie  uiotur  discharge  aUo  acts  on 
Uie  leucocytes  by  diemotaxls.  For  exaniiile,  Barrows'  study  of  eight  cases  of 
insanity  witliconvulstousineliiilecniiiits  of:  one.  43,000  leucocytes  with  92  per 
centof  polynuclears;  two,  88,000  lnui'oejles  with  88  per  etol  of  polynuelearB; 
three,  82,400  leucocytes  wiili  85  per  cent  of  polynuclears  and  9  per  cent  of  my' 
elocy tea;  four,  31.000  leucocytes  with  88  puroeut  of  polynuclears.  Tlicsi-  counts 
were  mode  immedJAtely  after  a  series  of  coDVulsiona.  Tbo  leucoeytoais  lasted 
for  many  hours  and  showed  characteristics  of  ordf  nary  Infectious  leucocy  tosls. 

In  conviilsionB  from  iaipropcr  fiH^liog  in  infancy  I  have  seen  t  be  leuco- 
cytes rise  from  13.500  before  tlie  at  to  37,800  after  It. 

■MQnch.  med.  Wocb.,  1893,  No.  14. 
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plaints  aiid  signs  is  great,  we  want  to  be  doiililj'  siire  that  nothing 
hidden  escapes  ouv  uotice,  aod  the  blood  examinatioD  is  oue  of  the 
most  valuable  adjuvants  we  have  iu  the  discoveij  of  deep-seated  in- 
flammation or  laaligiiant  disease,  as  well  as  in  giviug  us  a  general 
measure  of  the  patient's  degree  of  IxKlily  health  as  distiuguished 
from  nervous  force.  The  former  maj'  lie  higli  when  the  latter  is 
low,  or  both  may  he  low,  and  the  distinction  marks  out  two  classes 
of  cases  in  which  somewhat  different  treatment  is  appropriate, 
Theiv  is  no  use  in  undertaking  to  make  ''  blood  and  fat ''  wheD  the 
patient  has  already  plenty  of  each,  though  it  may  be  well  to  carry 
out  the  same  i-e'ifime  as  a,  matter  of  suggestion. 

MENTAL    DISEASES, 

The  association  of  anaemia  with  insanity  is  too  frequent  to  be  a 
mere  coincidence,  though  it  is  hard  to  make  either  serve  as  a  cause 
for  tlie  other.  Very  possibly  they  should  both  be  looked  upon  as 
symptoms  of  a  common  underlying  (unknown)  cause. 

This  form  of  anaemia  has  been  noticed  by  Houston'  in  melan- 
cholia and  genei-al  paralysis,  and  by  Smith'  in  various  forms  of 
insanity. 

Krypiatciewicz'  noticed  an  increase  of  eosinophiles  in  acute 
forms  of  insanity,  but  not  iu  tl)e  chronic  forms.  The  l^ueoetftoMU 
t^  Of  lite  delirium'  is  exemplified  by  the  following  ease  from  the 
Massachusetts  Genei-al  Hospital  recoi'ds : 

A  girl  of  fifteen;  acute  delirium;  leucocytes,  12,750;  no  food 
for  eight  hours;  red  cells,  4,510,000;  hiemoglobin,  63  per  cent. 

Puerperal  mania  is  to  be  distinguished  from  the  delirium  of 
puerperal  sepsis  by  the  fact  that  the  latter  shows  leucocytosis  with 
increased  percentage  of  polymorphonuclear  cells,  while  the  former 
has  no  leucocytosis  (if  uncomplicated)  and  the  eosinophiles  are  apt 
to  be  increased '  (diminished  in  sepsis). 

A  case  of  puerperal  mania  seen  by  the  writer  showed :  Red  cells, 
6,210,000;  white  cells,  6,500;  hiemoglobin,  84  per  cent;  eoaino- 
philes,  8  per  cent. 

'  nouston:  Boston  Med.  and  Burg.  Journal.  January  llth,  1894. 

•  Smiili:  Jour,  of  Ment,  Science.  October,  1860, 

•Kryplaklewlczt  Wien.  meri,  Woch,,  1893.  No.  25. 

*Hcf.  in  Elein-Volkmanu's  "Sammlung  kUn.  VorCrBge,"  December,  1898. 

*Neuaeer;  Loe.  eit. 


DIABETES.  391 

As  a  result  of  92  full  and  careful  blood  examinations  in  5  eases 
of  depressive- maniacal  insanity,  Jessie  Weston  Fisher  *  comes  to 
the  followiug  conclusions : 

"  1.  There  are  no  pathognomonic  blood  changes  in  cases  of 
maniacal  phases  of  mauic-depressive  insanity. 

**  2.  AnaBiiiia  is  not  a  causative  factor  nor  always  an  accompani- 
ment of  this  psychosis. 

**3.  Tlie  haemoglobin  and  red  cells  are  frequently,  if  not  al- 
ways, increased  during  an  attack  of  excitement. 

"4.  A  leucocytosis  is  an  almost  constant  accompaniment  and, 
I  believe,  a  result  of  psychomotor  activity." 

At  the  end  of  three  out  of  five  cases  the  eosinophiles  were  in- 
creased.    Earlier  in  the  disease  they  had  heen  low  or  normal. 

CONSTITUTIONAL   DISEASES. 

OBESITY. 

Oertel  distinguishes  a  plethoric  and  an  anaemic  form  of  obesity 
not  merely  clinically,  but  by  the  evidence  of  post-mortem  examina- 
tions. He  believes  that  there  is  a  real  overfilling  of  the  vessels  in 
the  first.     The  second  form  occurs  most  often  in  women. 

Kiscli  examined  (with  v.  FleischPs  instrument)  the  haemoglobin 
of  100  obese  patients;  79  showed  over  100  per  cent  of  haemoglobin, 
1  reaching  120  per  cent,  while  the  other  21  were  anaemic. 

DIABETES. 

There  is  nothing  characteristic  about  the  blood  except  the  in- 
creased amount  of  sugar  to  be  detected  (0.67  per  cent  as  against 
0.1  per  cent  normally);  but  this  is  not  a  clinically  applicable  test. 

Two  simple  tests  for  diabetic  blood  have  recently  attracted  at- 
tention : 

1.  Bremer^s  test:  Heat  thick-spread  blood  films  to  135°  C; 
cool  and  stain  with  one-per-cent  aqueous  solution  of  Congo  red  for 
two  minutes.  The  blood  if  diabetic  looks  yellow  to  the  naked  eye. 
Xornuil  i)lood  similarly  treated  looks  red.  Staining  with  methyl 
i)lue  also  sliows  a  difference  between  normal  blood  and  diabetic 
blood.     The  normal  is  blue,  the  diabetic  yellowish-green. 

'  Fisher :  American  Jour,  of  Insanity,  1908,  vol.  69,  No.  4. 
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2.   WUUaisaon's  test:  Make  a  mixtui-e  of : 

Blood SOc.mm,  (3  drops). 

Aqueous  methyl  bluc(I:fl.OOO) I  c.c. 

Liquor  potaasEc,  80  per  cent  (gp.  gr.,  5.008)  ...  10  c.c. 

Waler 40  c.c. 

Let  the  mixture  stand  tlu-ee  to  four  minut«3  in  boiling  water. 
With  diabetic  blood  the  iniitnie  turns  yellow,  with  nonuat  blood  it 
does  not.  Williamson  has  foiuid  this  test  pcaitive  in  eleven  dia- 
beties  and  negative  in  oue  hundred  cases  of  other  diseases.  Bremer 
claims  that  by  his  method  cases  of  diabetes  cau  be  recognized  before 
su)^r  appears  in  the  urine  or  after  it  has  (temporarily)  disappeared. 
Le  Goff  conlinns  the  value  of  the  test.  Eicbner  and  Folkel  find 
Bremer's  reaction  to  be  aa  stated,  but  find  similar  color  changes  iu 
teuktemia,  Hodgkin's  disease,  and  Graves'  disease,  and  changes 
something  like  it  in  a  variety  of  cachectic  conditions.  Badger  lias 
studied  the  blood  of  diabetica,  leukfemics,  caaea  of  Graves'  disease, 
knd  other  cases  at  the  Massachusetts  General  Hospital.  Only  in 
Oraves'  disease  did  he  find  reactions  like  those  of  diabetic  blood. 


Tablk  LXXVU.— Diabbtes  wrrn  Complications. 
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The  alkalinity  has  been  said  to  be  gi-eatly  diminished,  especially 
in  the  fatal  aoma,  but  v.  Xonrdeu  thinks  the  tests  are  uureliable. 

Fat  is  often  increased  in  cbe  blood  up  to  about  twelve  times  the 
normal,  so  that  the  serum  is  milky,  and  glycogen  has  been  demon- 
Bti'ated  microchemically  in  the  corpuscles. 


GOUT.  893 

Eed  Cells. 

Sugar  in  the  blood  draws  water  from  the  tissue  into  the  vessels, 
thereby  diluting  the  blood  ;  but  in  a  short  time  the  blood  frees  itself 
of  the  excess  of  sugar  and  fluid  through  increased  diuresis  so  as  to 
concentrate  the  blood. 

These  two  alternating  influences  serve  to  explain  the  widely  dif- 
ferent counts  of  different  observers. 

Toward  the  end  of  the  disease  a  decided  cachexia  often  devel- 
ops, the  anaemia  of  which  may  be  temporarily  covered  up  by  the 
concentration  above  noted,  or  accentuated  by  the  diltUion  which 
sometimes  occurs.  Accordingly  we  may  find  the  corpuscles  increased, 
normal,  or  diminished  in  difTerent  cases  or  at  different  times  with 
the  same  case. 

Grawitz  counted  4,900,000  red  cells  in  a  patient  in  compara- 
tively good  health,  and  three  weeks  later,  when  the  patient  had 
just  been  seized  with  the  fatal  coma,  the  count  showed  6,400,000 
per  cubic  millimetre.  With  the  iodine  gum-arabic  mixture  extra- 
cellular brown  stained-masses  are  often  very  much  more  abundant 
than  in  normal  blood. 

The  white  cells  show  no  constant  changes,  except  that  v.  Lim- 
beck lias  noted  in  several  cases  that  the  digestion  leucocytosis  is 
unusually  large  even  without  previous  fasting.  Von  Jaksch  found 
leucocytosis  in  one  of  his  eight  cases,  but  on  this  point  as  on  many 
others  liis  results  are  almost  unique.  The  only  similar  observation 
is  that  of  Habershon,'  who  reports  moderate  leucocytosis,  decreased 
i)y  strict  diet.  In  thirteen  cases  I  have  never  seen  leucocytosis  ex- 
cept in  the  presence  of  complications  (see  table,  page  392). 

GOUT. 

A  few  cubic  centimetres  of  serum  from  gouty  blood  made  acid 
with  acetic  acid  (six  drops  of  a  twenty-eight-per-cent  solution  to 
every  dracliiu  of  serum)  deposit  crystals  of  uric  acid  on  a  thread  in 
from  eigliteen  to  forty-eight  hours;  but  this  is  not  always  to  be 
found,  and  is  by  no  means  peculiar  to  gout.*  Uric  acid  is  to  be 
found  in  the  blood  in  pneumonia,  cirrhotic  liver,  nephritis,  grave 

'  St.  Bartholomew's  IIosp.  Report,  1890,  p.  153. 

•  It  is  important  to  evaporate  the  serum  at  a  temperature  not  above  70"  F., 
otherwise  crystals  will  not  form. 
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aneemia,  leukamia,  and  gmvd ;  also  in  licakh  anil  af  t«r  a  meal  of 
calf's  tbyinus  or  any  footl  eoiitaiuing  much  imckiii. 

The  red  corpuscles  show  uo  special  changes  except  in  seven 
«hrouic  cases,  whiob  are  Houietunea  anemic.  The  white  oells  are 
increased  according  to  Neusser,  while  v.  Limbeck  atid  Grawitz  fuonJ 
the  1iloo<l  wholly  normal. 

It  is  particularly  in  this  disease  tliat  Neusser  supposed  the 
"  jierinuclear  basophilic  grannlations"  to  exist  in  the  white  cella, 
which  condition  he  believes  to  be  characteristic  of  any  "aric-aeid 
diathesis."  Futcher  has  conclusively  disproved  this.  Fibriii  is  in- 
creased in  acute  cimnK. 

Ewiug  states  that  he  found  "  unifoim  but  moderate  aiiajmia  iu  a 
series  of  chroiiio  cases  examliietl  at  Roosevelt  Hospital,  the  jntient* 
all  coining  from  the  poorer  classes.  In  the  chronic  cases  loucocy- 
Uwia  of  moderate  gi-ade  may  be  observed,  but  it  is  difficult  to  detrr- 
mine  its  relation  to  the  gouty  process,  as  many  of  these  patients 
•uffer  from  other  eomptniuta."  I  have  records  of  only  two  cases,  oiie 
a  chronic  ease  with  huge  tophi  showed  iu  an  acute  exacerbation 
21,000  leucocytes  with  70  i>er  cent  h»moglobin.  A  severe  aulwcute 
case  showed  15,000  leucocytes.  Da  Costa  records  14,000  iu  a 
single  case  with  polycythjemia  (7,1-5,000). 

Watson  '  records  the  following ; 


Dtt. 

LaucocTla. 

Remute. 

No  symptoms. 
Sligbt  symptoms. 
At  height  of  attai-k. 

MYXfEDEMA. 

Le  Breton '  examined  the  blood  in  one  case  both  before  and  after 
thyroid  treatment,  and  found  that  after  forty  days'  treatment  the 
red  cells  had  risen  from  1,750,000  to  2,450,000,  the  white  cells 
from  4,500  to  9,C00,  and  the  hremoglobiii  from  66  to  68  per 
cent. 

The  remarkably  high  color  index  in  this  case  before  treatment 
(nearly  2!)  corresponds  with  the  ol>t!ervations  of  Le  Breton  in  the 
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dried  specimen,  which  showed  a  decided  increase  in  the  size  of  the 
red  corpuscles.  He  also  noticed,  before  instituting  the  thyroid 
treatment,  the  presence  of  nucleated  red  cells  and  an  excess  of  the 
polymorphonuclear  form  of  leucocytes.  Under  treatment  the  nu- 
cleated red  cells  disappeared  and  the  lymphocytes  rose  to  their  nor- 
mal per  cent. 

Putnam  '  has  watched  a  similar  case  in  which  the  number  of  red 
cells  rose  from  3,120,000  to  5,700,000  under  thyroid  treatment. 

Murray '  lias  collected  23  cases  with  blood  examinations.  Of 
these  cases,  7  showed  a  normal  blood  count,  10  were  ansemic,  4 
showed  leucocytosis,  and  2  exhibited  both  anaemia  and  leuco- 
cytosis. 

Kraepeliii '  noticed  (like  Le  Breton)  a  marked  increase  in  the 
average  diameter  of  the  corpuscles  in  three  cases,  even  when  the 
count  and  the  haemoglobin  were  normal.  Ttslitisl (^Centralbl,  f.  ally. 
Path. J  etc.,  April  15th,  1901)  in  cachexia  strumipriva  found  a  leu- 
cocytosis  of  18,000  to  32,000  with  75  to  80  per  cent  of  poly- 
nuclear  cells,  lasting  for  one  or  two  weeks  after  the  operation, 
and  Meziuescu  (ref.  in  Arch.  gin.  de  Med.,  1902,  p.  743)  in  a 
similar  case  counted  49,000  leucocytes  with  84  per  cent  of  polynu- 
clear  cells. 

I  have  had  an  opportunity  to  examine  the  blood  in  ten  cases  of 
this  disease,  but  did  not  find  anything  remarkable  in  any  one  of 
them. 


No. 

Age. 

Red  cells. 

Wblte 
cells. 

Percent 
tuemofclobin. 

Bemarks. 

1 

58 

47 
41 
46 

4,700,000 

4.328.000 

4.466.()()0 
4.098.000 
4.062,000 

4.*67().*0bb 
4,856.000 

11,400 
8,600 
9,800 

10,800 
8.800 
7.900 
7.900 
6.000 
6.000 
5.200 

65 
60 
80 
65 

58 

80 
87 
80 

March  2l8t. 

2 

April  1st. 
April  6th. 

3 

4 

5 

6 

1 

8 

Differential  counts  were  made  in  five  cases,  and  no  increase  in 


'  Putnam:   Ref.  in  Murray's  article  in  •'Twentieth  Century  Practice  of 
Medicine,"  vol.  iv. 

^  Murray:  "Twentieth  Century  Practice  of  Medicine,"  vol.  iv.,  p.  710. 
'Kraepeliu:  Deut.  Arch.  f.  klin.  Med.,  vol.  xlix.,  p.  587. 
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tito  size  of  the  corpuscles,  gucIi  as  Le  Breton  and  Kraepelin  sav, 
W2S  present  in  these  cases.     The  count  showed : 


can. 

""^r-*" 

LTnpborpM. 

67.0 
87.0 
7*0 
66.0 

77.8 

28.0 
37.8 
26.0 
61  S 
91.6 

2.5 

The  increase  of  eosinophilea  in  two  of  these  cases  may  perhnpe 
be  due  to  the  skin  troubles  in  tlie  disease. 

J.  J.  Thomas  found  a  fev  myelocytes  in  a  case  of  Futtuuu's. 

CRETINISM. 
Koplik '  records  the  following  in  two  cases  of  sporadic  cretinism : 
Case  I. — Fifteen  months  old;  advajieed  stage  of  disease.     Hae- 
moglobin, 18  per  cent. 

(Jahb  II.— Ked  cells,  3,02B,000;  white  cells,  13,500;  hteiat^lo- 
biu,  105  per  cent.  This  high  liienioglobiu  corresponds  to  normal 
fmtal  blood.  The  child  was  nine  weeks  old,  but  its  backward  de- 
velopment is  mirrored  in  the  blooil.  As  the  case  improved  under 
thyi'oidij  tho  luomo^Iobiii  caiuo  dowu. 

GRAVES'  DISEASE  (BASEDOW'S  DISEASE;  EXOPHTHALMIC 
GOITRE). 

The  blood  is  normal,  except  for  an  occasional  associated  chlorosis 
and  sometimes  a  marked  lymphocytosis.  lu  one  case  I  found  61.3 
per  cent  of  lymphocytes  and  1  per  cent  of  myelocytes  in  1,000  leo- 
eocytes,  the  polymorphonuclear  cells  being  only  48  per  dent;  but  in 
fourteen  other  cases  I  have  never  found  this  again.  The  same  fact 
has  been  noticed  by  Neusser  (cited  in  Klein,  Inc.  cii.). 

Oppenheimer'  found  the  red  cells  and  hreraoglobin  normal  in 
two  cases.  Von  -Jaksch'  in  one  case  '"complicated  witli  myxte- 
dema"  found  3,818,000  red  and  8,000  wJiite  cells. 

The  association  of  Graves'  disease  witli  clilorosis  is  illustrated 
by  two  cases  from  Zappert: ' 

'  New  York  Medical  Itucord,  October  2d,  1897. 
•  Deut.  raed.  Wocli.,  1889,  p.  801. 
'Zeit,  f.  klin.  Med,  1893,  p,  187. 
*Zeit.  f.  kiln.  Med.,  ltJ93,  p.  206, 
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Cun. 

RedcelU. 

WBIKoem. 

Perceot 
B>moglobUl. 

8,858.000 

2,738,000 

8,800 
8,800 

80 

The  same  writer  fouud  eosinophiles  increased  (S.5  per  cent)  ia 

one  out  of  four  cases 


Taki.e  LXXVIIL— Uabbachusbttb  Gehkkal  HoaprrAi.  Cabeb. 


10 

m 

i« 

1" 

■t« 

1H 

14 

" 

6,800 
7,000 
7,100 


8,S(K) 
8,700 
9,800 
8,800 
10,200 
10,500 
11,5'Kl 
11,000 
12,500 
12.700 
16,000 
15.000 
14,400 
7.600 
0,800 
17.800 
28.100 
31,400 


January  18th. 
January'  Stst. 
February  ISlll. 
February  ISth. 

March  8tb. 
Atarch  ISth, 


5  I.XXIX.— QoITBa  WlTHODT  EXOPBTOALUOB. 


K„. 

... 

n-dc,^ 

wUs. 

P»r(«nl 

Remuti. 

1 

4(1 

13,000 

75 

Wl 

11,000 

80 

H 

5,448,000 

7,400 

65 

4 

fil 

0,000 

90 

5 

4o 

6,800 

05 

SFKCUL  FATHOLOOT   OF  THE  BLOOD. 

ADDISONS  DISEASE. 

Some,  but  not  all,  cases  are  accompanied  hy  marked  ansmia. 

[  Neiiniaiin '  observed  a  ease  in  which  the  symptoms  came  on  acutely 

Riid  the  red  cells  saiik  to  1,120,000  per  cabic  millimetre.     Dunjig 

tlie  convalescence  which  followed,  the  cells  ran  up  above  noniinl, 

reaching  7,700,000. 

Tschiikoff'  reports  two  cases  in  which  the  red  cells  were  re- 

F  apeotivply  3,280,000  and  2,933,000  at  the  lowest,  but  whose  h»mo- 

I  globin  was  extraordinarily  high,  over  100  per  cent  in  one  case. 

This  he  found  on  spectroscopic  examination  to  be  due  to  a  gi-eat  in- 

Drease  of  reduced  haainoglobin  in  the  corpuscles,     Methseniogloliin 

was  also  noted. 

The  white  corpuscles  showed  no  changes,  quantitative  or  qii.-ili- 
tutive,  except  that  they  contained  black  pigment  granules.  Three 
cases  have  been  examined  at  the  Massachusetts  General  Hospitjil. 
The  fii-st,  a  woman  of  thirtj-,  showed  6,240,000  red  cells  with  14,- 
000  white,  and  90  per  cent  of  htemoglobin.  The  differential  count 
of  90  leucocytes  showed  the  following  figures:  Polymoi'phonuclear 
cells,  53.4  per  cent;  lymphocytes,  41  per  cent;  eoainophiles,  4.5 
per  cent;   myelocytes,  0.9  per  cent. 

The  eosinophiles  were  very  large,  some  of  them  eosinophilic 
myelocytes. 

The  secoTid,  a  man  of  forty-two,  was  very  aujemic  and  weak  at 
entrance  and  showed:  Red  cells,  2,196,000;  white  cells,  7,500; 
hemoglobin,  20  per  cent.  Differential  count  of  200  leucocytes 
showed:  Polymorphonuclear  cells,  65  per  cent;  lymphocytes,  31.5 
per  cent;  eosinophiles,  3.5  per  cent;  6  normoblasts;  marked  poiki- 
locytosis. 

Under  suprarenal  extract  his  blood  improved  in  a  month  till  his 
red  cells  numbered  4,700,000;  white  cells,  9,000;  hEBUioglobin,  65 
per  cent. 

The  third,  a  man  of  fifty-two,  showed :  October  20th — red  cells, 
2,848,000;  white  cells,  4,800;  hffimoglobin,  45  per  cent.  Decem- 
ber 10th— red  cells,  2,624,000;  white  cells,  7,100;  hffimoglobin, 
45  per  cent.  Differential  count :  Polynuclear,  74  per  cent;  small 
lymphocytes,  22  per  cent;  large  lymphocytes,  4  per  cent;  eosino- 
philes, 0.4  per  cent.     !No  nucleated  red  cells. 

■  Ncumaim:  Deut.  mod.  Woch.,  1894.  p.  105. 

'  Zelt  f.  Win.  Med..  1891.  vol.  xis.,  Siippl.-Heft  87. 
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A  fourth  patient,  kiudly  sent  me  by  Dr.  Rogers,  of  Dorchester, 
showed:  Red  cells,  2,864,000;  white  cells,  2,000;  hsmoglobin,  51 
per  cent.  Differential  count  of  300  cells  showed :  Polymorphonu- 
clear cells,  63.3  per  cent;  lymphocytes,  33.3  per  cent;  eosinophiles, 
2.3  per  cent;  basophiles,  0.3  per  cent. 

Brown '  mentions  2  cases  with  4.4  per  cent  and  8  per  cent  of 
eosinophiles  (286  and  960  absolutely). 

I  have  never  seen  melanin  in  the  leucocytes  as  Tsohirokff  did  in 
his  two  cases. 

Table  LXXX.— Addison's  Disbasb  (Additiokal  CAfln). 


Ase. 

B«doeUi. 

Wbiteoelli. 

Per  cent 
hmioRloUn. 

Bmutffei. 

34 
89 
29 

5,056,000 
5,460,000 
4.804.000 

519,200 

5.000 

7,000 

10,000 

10,400 

60 
80 
68 

80 

Soon  died. 
Autopsy. 

Polynudear,  77.6 )(. 
Lymphocytes,  140 
Eosinophiles,  8.0 
Myelocytes,  .4 

DISEASES  OF  BONE. 
Table  LXXXI. — Osteo-Arthiutib. 


No. 
1 


Age. 


58 


2  I    68 


8 

58 

4 

29 

5 

52 

6 

52 

7 

21 

8 

52 

9 

47 

10 

58 

11  1 

48 

12 

86 

18 

85 

Red  cell§. 


8.552,000 


4.968,000 


.  •  •    .... 


Wblte 

Percent 

ttmm 

cells. 

luDmogloblD. 

im 

49.000 

50 

November  11th. 

82,000 

November  12tb. 

a5.ooo 

November  14th. 

28,800 

November  I7th. 

24.000 

November  20th. 

22,500 

November  28d. 

18.000 

December  8th. 

28.000 

80 

Spine. 

20.400 

70 

Spine. 

14.600 

70 

Spine. 

12,000 

85 

Spine. 

11,200 

70 

Spine. 

11,000 

85 

Spine. 

10.800 

100 

Spine. 

10,000 

85 

Spine. 

9.800 

85 

Spine. 

9.000 

65 

Spine. 

9,000 

85 

Spine. 

8,700 

80 

Spine. 

Spine. 


^Intemat.  Clinic,  vol.  iv..  12tli  series. 
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T«aix  T-X'SXtT — Ovteitib  Defokmass. 


rnACTCRES. 
Thirty-fiTc  cases  of  fraetuies  studied  by  Cabot,  Hubbard,  and 
Blokt  (toe.  cit.)  showeil  nothing  abnormal. 

OSTEOMALACIA, 

The  b]ood  has  a  long  time  lieen  supposed,  on  the  authority  of  t. 
Jaksch  {Zeit.  f.  klin.  Med.,  vol.  xiu.,  p.  360),  to  exhibit  a  diinm- 
islied  alkalinity,  the  bones  being  supposed  to  be  eaten  away  by 
acids  in  the  blood.  Von  Limbeck  and  many  other  obserrers  have 
lately  shown  tliat  the  blood  is  normal  in  alkalescence. 

Coi'ptiBcles  and  haemoglobin  aie  usually  within  normal  limits 
quantitatively,  but  Neusser  reports  an  increase  of  eosiuopbiles  and 
the  presence  of  myelocytes  in  the  blooil. 

Ritchie '  contirms  Keusser  and  found  also  that  the  lymphocytes 
were  more  numerous  than  normal. 

Fehling,'  Sternberg,"  Chmbak'  found  no  increase  of  eosic- 
opliiles, 

Kieder's  case  was  normal  in  all  respects:  Red  cells,  4,893,000; 
white  cells,  6,000;  eosinopliiles,  3.G  per  cent;  polymorphonuoleai 
cells,  61  per  cent. 

■  EUiii.  Mvil.  Jciuroal,  Juac,  1896, 
'Cited  by  Hilchie:   Lot.  eit. 
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Ewing  says :  "  The  usual  condition  of  the  blood  in  osleomalaeia 
aj)pears  to  be  that  of  moderate  secondary  anaemia.  The  leucocytes 
have  varied  from  subnormal  to  moderately  increased  numl)ers.  The 
lymphocytes  are  usually  very  numerous,  an  excessive  proportion 
(maximum  56  per  cent)  having  been  found  by  Tschistowitch.  High 
normal  proportions  of  eosins  have  been  foiuid  by  several  observers, 
but  not  by  others." 

RICKETS. 

1.  Anaemia  is  always  present  in  severe  cases  and  often  in  moder- 
ate ones.  This,  together  with  the  fact  that  many  cases  of  rickets 
are  associated  with  an  enlargement  of  the  spleen,  has  led  to  the  use 
of  the  misleading  term  "  splenic  anaemia."  There  is  no  form  of 
anaemia  found  in  rickets  that  may  not  be  found  in  other  conditions 
(Morse)/ 

Hock  and  Schlesinger  found  an  average  of  2,500,000  red  cells 
in  a  considerable  number  of  cases  with  and  without  enlarged  spleen. 

Von  Jaksch  describes  a  case  in  which  the  red  cells  sank  from 
1,600,000  to  750,000  within  three  months,  and  Luzet  saw  a  simi- 
larly rapid  process,  the  cells  falling  from  2,110,000  to  1,596,000 
within  three  weeks.  On  the  other  hand,  in  Morse's  admirable 
study  of  twenty  well-marked  cases  the  red  cells  averaged  over 
4,500,000  and  not  a  case  fell  below  3,500,000. 

2.  The  hsemoglobin  is  always  relatively  low;    it  averaged  63 

])er  cent  in  Morse's  cases,  a  color  index  of  about  0.7.     Felsenthal 

got  similar  results. 

WJiite  Corpuscles. 

It  is  often  difficult  to  say  whether  or  not  the  leucocytes  are  in- 
creased, owing  to  the  occurrence  of  most  cases  in  infants  at  an  age 
when  leucocytes  are  always  higher  than  in  adults — how  much  higher 
at  any  given  age  depends  largely  upon  the  degree  of  vigor  and  for- 
wardness of  development  of  the  individual  child. 

In  Morse's  series,  for  example,  the  average  age  of  the  infants  is 
twelve  months.  And  for  this  age  none  of  the  counts  in  his  series 
sifuis  to  me  necessarily  abnormal.  They  are  all  under  16,000  ex- 
(•t^l)t  three,  these  three  l)eing  17,900, 18,800,  and  22,000  respectively, 
thi*  latter  in  a  nine  months'  infant.  Many  of  the  counts  seem  to 
nie  subnormal  for  infancy  (5,500,  7,200).  Most  observers  find  leu- 
cocytosis  present  in  many  cases,  but  not  in  all. 

'  Morse.  Boston  City  IIosp.  Rep.,  1897. 
26 


special  pathoukiv  of  tub  blood. 

Qualitative  Chabgbs. 

Sed  Cetlt. 

n  all  aii£ei»ias  of  infants,  the  "  degenerative  "  and  "  regeoer- 
I "  chants  are  relatively  common, 

lychi'omatophilic  forms  and  nucleated  corpuseles  are  fra- 
uiiy  to  be  found,  the  latter  often  in  great  nuinliers  iiut  iritfa  a 
irity  of  the  normoblast  type. 

Whitfi  CelU. 
Lym  tosis  is  said  to  be  marked,  but,  as  with  the  question 

s,  we  ai'e  never  quite  sure  whether  the  numbers  are 
lijor  that  aye,  for  lymphocytosia  is  the  normal  conditioa  in 
™   blood. 

'",  however,  aa  in  a  case  mentioned  by  Rieder,  we  find  75 

es  iu  every  100  leucocytes,  the  child  being  four  years  old, 

Burely  dealing  with  a  jiathological  condition.     Another  of 

I,  a  seven -months'  child,  rachitic,  with  57  per  cent  of  Ijui- 

ijries,  seems  to  fall  within  normal  limits.     Not  so  with  Morse's 

oases.     The  highest  percentage  of  lymphocytes  in  his  series  was  69, 

in  an  infant  of  two  months.     I  have  similar  counts  in  health  at  that 

age.     The  average  of  his  twenty  cases  is  43  per  cent,  which  is,  if 

anything,  rather  low  for  that  age.     The  same  difficulty  arises  with 

regard  to  the   reports  of  ensinophilia.  in  rickets,  since  eosinophiles 

are  always  relatii'ety  numerous  in  infancy,     Morse's  highest  fignre 

was  7  per  cent,  his  average  3  per  cent.     Hock  and  Schlesinger  found 

20  per  cent  in   one  subject,  and   Weiss  16  per   cent  in  another. 

They  were  highest  in  cases  with  splenic  tumor.     In  Rteder's  four 

cases  and  in  the  three  seen  at  the  Massachusetts  General  Hospital, 

BO  eosinophilia  was  present.     Myelocytes  in  smalt  numbers  (0.5-0.2 

per  cent)  are  not  uncommon,  and  may  be  considerably  more  dq- 

meroos. 


The  blood  is  practically  that  of  aTisemla  from  hemorrhage  (red 
cells  and  hsemoglobiii  reduced,  wliite  cells  increased,  occasional  nu- 
cleated red  corpuscles  or  pnlychroniatophilic  forms).  Agello  '  has 
found  iiiethtenioglobin  in  the  blood,  and  hence  concludeB  that  the 
disease  is  a  poisoning  of  the  corpnscles  by  ptomaVns  absorbed  from 
the  intestine. 

The  blood  plates  are  much  diminished  and  may  he  entirety  ab- 
sent in  the  worst  stages. 

Bacteria  of  various  kiu<ls  have  been  reported  In  the  disease,  but 
negative  results  are  also  common,  and  their  presence  is  probably 
not  significant. 

The  red  cells  may  fall  as  low  as  2,500,000,  but  are  much  oftener 
slightly  or  not  at  all  diminished.  In  many  mild  cases  there  are  no 
demonstrable  blood  changes.  On  the  other  hand,  Usier  mentions  a 
case  which  sank  to  1,800,000,  and  in  Muir's  case  the  count  reached 
800,000  with  11  per  cent  of  hiemoglobiii.  The  loss  of  blood  may 
give  rise  to  a  fatal  anxmia  of  the  niicrocyte  type  (see  page  146), 
In  a  case  of  acute  infectious  purpura  ("typhus  angeioheinatique ") 
Barjon  and  Cade  (Sbc  d.  Biol.,  1901,  p.  246)  found  85,000  leuco- 
cytes (94  per  cent  polynuclears)  at  the  outset,  gradually  falling  to 
normal  within  two  weeks.     The  red  cells  fell  to  2,027,000. 

Bensaude '  has  observed  that  in  16  cases  characterized  by  large 
hemorrhagM  (2  =  acute  "  infectious,"  2  with  tuberculosis,  2  chronic, 
10  =  Werlhof's  disease)  the  clot  shows  no  retraction  and  no  transu- 
dation of  the  serum.  Cases  with  amatl  kemorrhagea  (toxic,  rheu- 
matic, cachectic,  and  nervous)  do  not  show  any  such  abnormal  char- 
acteristics.    Hence  he  concludes  that  at  the  outset  of  a  case  of 

'  Rirornm  Med..  Napoll,  18M.  p.  108. 
■  Lb  Senmine  Med  ,  1897,  p.  21. 
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purpura,  obaervatiou  of  tlie  clotting  process  may  enable  ua  to  fore- 
tell whether  or  not  the  case  is  to  be  of  a  serere  or  of  a  miUi  tjjte, 
I  He  found  the  blood  lesiou  above  described  to  be  greatest  duriug  the 
'  hemorrhagic    eriaes,    slowly  disappearing  between  them.      Hayem 
has  confirmed  these  observations.     He   fiuds  tlie  fibrin   network 
almost  invisible.     Despite  this  and  despite  the  absence  of  contrac- 
tion in  the  clot,  the  actual  rate  of  clotting  is  normal.     Hayem  has 
sen  similar  failure  of  contraction  when  the  blood  plates  are  plenty, 
I  It  occasionally  occurs  in  symptomatic  purpura  (e.r/.,  from  phthisis). 

SCURVY. 

Thete  are  no  characteristic  blood  changes  known.  When  hemor- 
Ttiage  ia  severe  the  red  cells  may  sink  very  low, — ^to  370,000  mt  in 
Taltey'a '  case,  to  557,875  in  a  case  of  liouchut's; '  Utiskow  *  and 
Hayem  Baw  counts  of  3,600,000  and  4,700,000.  Talley  has  re- 
cently collected  from  tlie  literature  seveml  cases  with  less  than 
U,000,000  red  cells  jier  cubic  millimetre,  but  the  average  of  the  counts 
of  seven  ol)»erver3  (see  Talley's  hiiiliography)  was  between  3,000,000 
and  4,000,000.  The  usual  qualitative  changes  of  secondary  anaemia 
are  present  in  severe  cases;  the  hsemoglobiu  suffers  as  usual  moi« 
tlian  the  count  of  red  cells  and  is  slow  in  regeneration. 

Leucocytes  may  he  iiiciieased,  whether  from  hemorrhage  or  jtroiu 
some  complicating  inflamuiatory  process,  but  in  uncomplicated 
cases  they  are  usually  reduced  (e.  y.,  4,700  in  Talley's  case). 

"The  red  cells  vary  in  number  and  size  according  to  the  length 
and  severity  of  tlie  disease.  On  account  of  the  frequency  of  inflam- 
matory complications  and  hemorrhages  the  leucocytes  are  usually 
increased,  Ouskow'  finding  them  as  high  as  47,000,  Henry'  20,000 
in  two  cases,  and  Stengel '  40,000  (after  hemorrhages)  with  lympho- 
cytosis. Litten,  however,  observed  uo  leucocytosis,  and  the  writer 
in  two  well-marked  but  uncomplicated  cases  found  no  increase  " 
(Ewing).  In  a  single  case  I  recorded:  lied  cells  3,600,000;  white 
cells,  3,600,  hsemoglobin  40  per  cent. 

'  Talley:  Jour.  Am.  Med.  Assn.,  November  Ist,  1903. 

•Bouchut;  Gaz.  dos  HOp,,  IHTe,  p.  1137. 

•  0-.<Bkow :  Ceutralbl.  f.  inn.  Med.   18T8,  No,  28. 

'Henry:  Pliil.  IIosp,  Rep.,  1890,  p.  185 

»StCDgel:    "Twentietli  Cent.  Pract.."  vol.  vii. 
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INFANTILE  8CURVT  (BARLOWS  DISEASED 
Da  Costa  in  7  cases  found  tlie  hemoglobin  rauging  from  35  to 
65  per  cent  (average  43  per  cent),  and  the  red  cells  from  2,950,000 
to  5,100,000  (average  3,627,000).  Only  one  case  showed  leucocy- 
tosis,  the  average  in  7  being  15,500.  The  lymphocytes  in  4  of 
the  7  were  between  60  and  66  per  cent.  The  eoainophiles  were 
normal  or  low,  and  myelocytes  1  to  6  per  cent  (average  2.5  percent). 
Barlow's  disease  may  lower  the  red  cells  as  far  as  976,000—83 
in  a  case  of  Reiuert's— the  haemoglobin  being  17  per  cent  and  the 
white  cells  12,000.  This  was  the  day  Iwfore  death.  The  blood 
plates  are  not  diminished,  and  the  clot  retracts  normally 

hj:mophilia. 
The  blood  changes  are  practically  those  just  described  and  show 
nothing  characteristic  of  the  disease.  Coagulation  is  slower  than 
normal  and  blood  plates  are  sometimes  very  scanty.  The  white 
cells  are  sometimes  persistently  diminished,  ad  in  the  following 
cases : 

I. 


.        1  Sept.  Uth, 

SepLHUi. 

8ept.lTm. 

sept-aom. 

SepLSM. 

septwii. 

OperwfiL 

Kiao 

i'sro 

iSm 

Km 

WbltBcelU. 

rtporeem. 

11. 

Pebnuu?  Wh. 

FebrnuT  SfUi. 

5.U0U 
BO  per  rent. 

s,an,aao 
SBperamL 

H^MOLYeiS  AND  BLOOD  POISONS. 

The  subject  is  a  very  extensive  one,  and  I  shall  not  attempt  to 
review  the  magnificent  work  of  Ebrlich  and  his  pupils  except  where 
it  concerns  the  field  of  practical  blood  diagnosis.  For  clinical  pur- 
poses blood  poisons  are  conveniently  divided  into  three  classes: 

I.  Those  that  produce  hiemolysis  alone. 

II.  Those  that  produce  methsmoglobinsemia  and  hemolysis. 
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III.  Those  that  poison  the  blood  by  formiDg  a  nheitiical  union 
with  the  red  eella  (other  than  metheemoglobiu)  and  so  interfere 
with  their  fimctiouB. 

I.   H*;MOi,yTlc  Agests. 

Among  the  agencies  which  pro(Juce  htemolysis  the  most  impor- 
tant are : 

1.  Infretintii  dueanes,  especially  malaria  and  yellow  fever;  less 
often  severe  sepsis,  typlioid,  scarlet  fever,  and  Weil's  disease. 

2.  In  the  courae  of  exhausting  diseases  such  as  nephritis,  cir- 
rhosis, and  those  leading  to  chronic  icterus,  autohsmolytic  sub- 
stances  are  not  infrequently  formed  in  the  system;  so  also  in  puer- 
peral eclampsia  (Hayeni)  in  the  new-born  (Winckel's  disease),  and 
after  the  absorption  of  peritoneal  hemorrhage  from  extra-uterine 
pregnancy. 

3.  Foiaon*  of  vegetable  origin — sucli  as  those  contained  in  many 
species  of  mushrooms,  aspidium,  felix  mas,  saponin  substances, 
i.e.,  the  glucocides  contained  in  Qnillaja  saponaria,  the  Alpine 
violet  (Cyclamen  Europseum),  various  species  of  solanum  (niyht 
a/uule,  etc.),  various  arrow  poisons.     Probably  akin  to  these  are: 

4.  Snake  poiaons  and  scorpion  poiaon  and 

6.  Guiacol,  and  quinine  under  certain  conditions. 

6.  Heeimolysis  results  from  the  transfusion  of  alien  blood  or  of 
saline  solutions  not  isotonic,  from  inhaling  AsH,  and  rarely  from 
severe  liurns. 

7,  Under  conditions  very  little  understood  influences  such  as 
cold,  fatigue,  or  emotional  strain  prodnce  in  certain  individuals  sud- 
den brief  hafmolysis  to  the  results  of  which  we  give  the  name  of 
parori/iiial  kttvimjlohlnirtnia. 

The  process  of  heemolysis  includes : 
'        1.  Separation  of  the  hEemoglobin  from  the  corpuscles  so  that  it 
colors  the  serum. 

2.  Actual  breaking  to  pieces  of  the  red  cells  without  separation 
■of  the  hiemoglobin. 

If  normal  blood  is  drawn  and  left  to  stand,  the  serum  which 
separates  from  the  corpuscles  is  not  red-tinged  or  but  very  sHghtly 
so,  proridett  all  shaking  and  jarring  are  avoided.  A  very  slight 
reddish  tinge  may  appear  in  the  serum  even  with  most  careful  tech- 
nique. In  some  conditions  the  hiemoglobin,  while  not  actually 
separated  from  the  corpuscles  within  the  vessels,  is  so  loosely  con- 
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nected  to  them  that  a  considerable  quantity  separates  post  mortem 
and  colors  the  seiuin  iu  spite  of  the  avoidance  of  any  jar.     || 

This  condition  is  to  be  distinguished  from  true  hsemoglobinffimia, 
in  whiiih  the  aeruiti  is  actually  colored  before  leaving  the  vessels, 
although  tlie  two  conditious  really  represent  only  different  degrees 
of  vulnerability  of  the  red  cells. 

We  are  surer  of  a  diagnosis  of  hfemoglobinsmia  when  we  find 
bits  of  broken-down  cells  in  the  fresh  blood  and  the  additional  evi- 
dence of  hKuioglobiimna  or  jaundice. 

The  Blood  in  Paroxi/nuil  Hctmoglohina-mia. 

Coagulation  is  very  rapid,  but  the  clot  soon  dissolves  again 
(Hayem).  The  fresh  blood  occasioually  shows  deformities  in  the 
corpuscles  or  bits  of  broken  cells,  and  lack  of  rouleaux  if  examined 
during  a  paroxysm.  As  a  mle  the  corpuscles  of  the  peripheral 
blootl  look  normal.  Frazer  has  recently  reported  a  case  in  which 
he  excited  a  paroxysm  by  a  cold  bath,  and  studied  the  blood  with 
great  care. 


TUne. 

R«,^l.. 

wmu.™.,. 

Perrvnt 

Blood  pbM. 

IOa.x.    Before  bath  ... . 

4,075.000 

15.000 

50 

450.000 

11:00  A.X.     Twenty -Ave 
miDiitcB    after  bath 

urine  pale. 

8.883.300 

21.800 

50 

696.000 

il:45  (Urine  dark) 

a.TBO,000 

21.800 

525,000 

IrlSp.if 

4.200.000 

21.500 

BO 

4.250.000(1) 

8:*5P.M 

8.R(HI,000 

17,700 

60 

l.OOO.OOO 

Next  day,  I  p.m 

4.100,000 

500,000 

The  enormous  increase  of  "  blood  plates "  is  striking.  It  is 
difficult  to  resist  the  conclusion  that  these  blood  plates  were  bits  of 
broken  red  corpuscles.  The  serum  was  current-jelly  colored.  The 
appearance  of  the  corpuscles  was  quite  normal. 

The  Blood  in    Severe  Burns. 

I  have  no  personal  experience  with  cases  in  which  hEemolysls 
has  been  demonstrated.  Locke's '  careful  study  of  ten  cases  and 
of  the  literature  led  him  to  the  following  conclusions : 

1.  The  blood  flows  sluggishly  and  is  of  a  peculiar  dark  purple 
appearance. 

'  Locker  Boslou  JTed.  and  Surg.  Jour.,  Ociober  BOtli.  1903. 
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2.  Au  immediate  increase  in  the  number  of  erythrocytes,  in 
severe  but  not  fatal  cases,  of  from  1,000,000  tn  2,000,000  per 
cubic  millimetre  takes  place  within  a  few  hours;  in  fatal  casea 
there  is  an  increase  of  from  2,600,000  to  4,000,000  per  cubic 
millimetre, 

3.  A  rapidly  increasiug  leucocytosis  occui's  iu  all  cases;  in  those 
ending  in  recovery  the  increase  is  often  30,000  or  40,000  per  cubic 
millimetre;  in  fatal  cases  usually  above  50,000  per  cubic  milli- 
metre, 

4.  Morphological  changes  in  the  erythrocytes  are  slight. 

5.  The  percentage  of  ueutrophiles  is  somewhat  above  the  nor- 
mal, but  not  so  much  as  in  the  ordinary  inflammatory  leucooytosis. 

6.  A  considerable  destruction  of  the  leucocytes  takes  place,  esp)e- 
cially  in  the  very  severe  bums. 

7.  jMyelocytes  may  be  present  in  small  numbers  in  severe 
cAses. 

S.  There  is,  as  a  rule,  marked  increase  in  the  number  of  blood 
plates. 

The  table  ou  page  409  shows  Loykc's  results  in  detail. 

Elher  Inhalation. 

i>a  Uoeta  lUid  Fish  (Iw.  cit.)  have  shown  that  in  auiiemic  pa- 
tients ether  narcosis  may  produce  a  considerable  diminution  in  the 
red  cells  and  hemoglobin  presumably  through  hsemolysis  (see 
above,  page  253). 


II.   Poisons  Peoducinq  Methemoglobinemia  with  and  with- 
out Hemolysis. 

One  of  the  most  important  is : 

1.  Chlorate  of  Potash. — This  destroys  the  corpuscles  and  pro- 
duces hjemoglobiuEemia  and  the  usual  train  of  symptoms  (jaundice, 
dark  urine,  etc.)  due  to  this. 

Brandenburg'  examined  the  blood  of  a  woman  who  had  taken 
two  and  one-half  ounces  of  chlorate  of  potash  in  water  the  night 
before.  The  blood  showed  marked  leucocytosis  and  broken  and  dis- 
torted red  cells.     In  gross  it  was  chocolate -colored  and  the  serum 

I  Berliner  kHn.  Wool).,  1895,  No.  27, 
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after  se{)aration  of  the  clot  was  brown, 
decreased  as  follows: 


The  red  cells  progressively 


PfrstdBy 4,800.000 

BecoadtlBjr 3,600.000 

Fourth  dny 8,800.000 

Piftliday 2.100.000 

Sixth  day , 1,900,000 

Seventh  liny 1.000,000 


Wbicecell*. 
30,000 


1S.O00  (deatb). 


Jacob '  studied  a  similar  case :  Thirty  hours  after  a  dose  of  26 
gm.  of  KCIO,  the  blood  showed:  Bed  cells,  4.425,000;  white  cells, 
80,000  (staiued  specimen  resembles  leukiemia).  Next  day,  led 
cells,  1,825,000  (broken  aiid  decolorized);  white  cells,  60,800 
Fourth  day,  red  cells,  2,226,000;  whit«  cells,  14,000. 

2.  Ehrlich  and  Lindeuthal '  report  the  case  of  a  patient  who  was 
poisoued  with  nitiol)enzol.  Ten  hours  after  the  blood  was  choco- 
late-coloied  and  showed  methjemoglobin  bands.  Under  the  micro- 
scope there  were  no  changes  till  the  thiid  day,  when  poikilocybosis 
appeared. 


Red  Mill. 

Wtill«  cells. 

fflobla. 

^ 

2.278,000 
1,845.000 
1,600,000 

905,000 
1.109.000 

900,800 

Much  increased. 

55 
50 
44 

40 

7.900 
24,700  (1) 

Seventeenth  day 

1,800 

Nineteenth  day,  death. 

The  nucleated  red  cells  were  at  first  mostly  normoblasts;  later 
mostly  megalublasts.  Posselt*  and  Boas'  have  published  similar 
cases. 

3.  AiUipi/rin  and  Acetanilid. — A  patient  of  P.  K.  Brown,'  five 


>  Bert,  kliii,  Woch..  1897,  No,  27. 
»Zeit.  f.  kliu.  Med,.  1896,  p,  427. 

•  Wieo.  klin.  ^Yooh.,  1897,  No.  80. 

*  Deut.  med.  Woch,,  1897,  No.  51. 

'  BrowD:  Am.  Jour,  of  ihe  Sled.  Sciences.  December.  1901. 
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days  after  taking  sixty  grains  of  acetaoilid  showed  the  following 
blood ; 


HEmoElobln.i 

u^r^ 

NucMled 
redRslI*. 

6th  day  of  HIdbbs,  40  per  cent. 

6tli        "        "       88       "       

7ih        "        "       88       "       

8tli        "        "       82       "       (deatli) 

2,200.000 
1,490.000 
1,400.000 
1.186,000 

62.400 
62.986 
ni.4O0 
66.450 

17.600 
S5,70fi 
19,000 
33.160 

Table  LXXXIII.— DiFfEKEHTiii.  Coustb. 

(BeeiidurUi|t>»UQt<i(gOO 

LmcocTtn. 

Heffslo- 
bluu. 

bluu. 

Mloro- 

bluw- 

PoljrmorplHj- 

1^ 
IjiuphocstCB 

irmpli 

^It^ 

Eortno. 

phllH. 

6tl>  day 
eili  day 
Till  day 
6tli  day 
(dcaili) 

89 
10 

19 

60 
78 

65 

12 
16 

70  per  ct. 
59      - 

57      ■* 

26perct. 
86.6  " 

6.5  " 

0 

2 
0 

Among  the  larga  lymphocytes  are  included  a  considerable  per- 
centage of  myelocytes. 

The  specimen  of  the  fifth  day  showed  the  direct  action  of  the 
poison  on  the  red  cells.  The  cella  were  of  all  sizes  and  shapes,  the 
microcytes  showing  an  unusual  sort  of  distortion,  unlike  crenation 
or  the  changes  in  niici-ocytes  of  pernicious  ansemia,  and  the  megalo- 
cytes  having  no  distortion  and  resemhling  strikingly  those  of  per- 
nicious ancEtnia.  Indeed,  as  the  process  advanced  the  picture  of  the 
red  cells  grew  more  and  more  like  pernicious  anaemia.  The  average 
diameter  of  the  cells  increased,  the  microcytes  grew  fewer  in  num- 
ber and  showed  less  distortion,  and  the  color  index  rose  very 
high.' 

In  Stengel's '  chronic  case  of  acetanilid  poisoning,  which  eventu- 
ally recovered,  tlie  red  cells  fell  to  2,09:i,300  witli  36  per  cent  of 
hwmoglohin  and  39,100  leucocytes.  Of  the  red  cells  32,000  pet 
cubic  millimetre  were  nucleated,  nine-tenths  of  them  being  normo- 

'  By  von  Kahlden'g  metbod. 

'Compare  similar  rcBulis  obtained  experimentally  by  Bnaenqvist  ("Blut- 
gKUnamien,"  HeMiigfors,  1900. 

*SUingel:  Univ.  Peon.  Med.  BuU.,  February.  1008. 
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blasts.  Every  known  anomaly  of  staining  reaction  was  present. 
T.  R.  Brown '  mentions  an  acute  case  with  12  per  cent  of  eosino- 
pliiles  (3,600  absolute). 

There  may  be  no  defintte  evidence  of  hsemolyais  or  anfemia,  and 
the  only  symptoms  may  be  cyanosis  and  general  weakness.  In  a 
chronic  case  which  I  have  recently  reported '  the  red  cells  varied 
between  5,000,000  and  6,090,000  with  from  16,000  to  29,800  leuco- 
cytes. Methfflmuglobin  bauds  were  present  on  spectroscopic  exanii- 
nation  and  the  blood  in  gross  waa  chocolate-brown.  The  differencial 
count  showed  a  simple  polynuclear  leucocytosis  (83  to  92  per  cent); 
the  eosinophiles  were  always  diminished,  sometimes  absent.  The 
red  cells  showed  a  good  deal  of  basophilic  stippling  and  very  slight 
poikiloeytosis,  but  no  other  peculiarities.  There  was  no  demou- 
Btrabie  hremolysia. 

4.  Phenacetin  poisoniii  J  (Kwtiig:  Berl.  klin.  IFocA.,  1896)  may 
cause  actual  blood  destruction  with  ancemia  in  case  the  patient  sur- 
vives the  immediate  effects  of  the  deprivation  of  oxygen.  Similar 
accidents  have  occurred  with  phenocol  and  lactopheoin  (3  gm.  per 
day — Gvawitz). 

5.  Workers  in  aniline  dyes  and  nitroglycerin  factories  may  be 
severely  poisoned  by  nitrobentol  compounds  inhaled  and  producing 
me  tliatm  o  globi  uromia . 

6.  Pi/royallic  acid  and  pt/royall'il  as  used  in  treatment  o£  akin 
diseases  may  lead  to  death  through  destruction  of  the  red  cells. 
Chromic  acid  (for  instance,  as  applied  through  the  vagina)  may  have 
a  similar  effect. 

Many  other  less  common  substances  work  the  same  ill  effects  on 
the  blood. 

III.    Substances  Injuring  the  Function  of  the  Bed   Cells 
WITHOUT  Producing  Hemolysis  or  Mbthamoolobinahia. 

The  substances  in  this  group,  of  which  carbonic  oxide  go* 
is  the  type,  poison  by  combining  chemically  with  the  tiSBmo- 
globin  and  preventing  its  combination  with  the  oxygen  of  the 
air. 

Illuminating  gaa  is  for  our  purposes  the  most  important. 
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The  appearance  of  individual  blood  cells  is  not  altered  nor  do 
they  break  up,  but  the  corpuscles  are  useless  to  breathe  with,  as 
they  cannot  take  up  oxygen. 

The  color  of  the  blood  is  very  bright  red,  much  brighter  than 
normal.  Spectroscopic  examination  shows  absorption  bands  of  car- 
bony  1- haemoglobin  which  are  characteristic  if  not  reduced  by  am- 
monium sulphide.  Their  position  in  the  spectrum  is  very  close  to 
that  of  the  ox}' haemoglobin  bands  and  without  the  chemical  test 
mistakes  may  occur  (Yarrow).* 

Red  Cells. 

Von  Limbeck'  found  in  two  cases  6,630,000  and  5,700,000  re- 

spectively.  The  volume  of  these  corpuscles  (estimated  by  Bleib- 
treu's  method)  was  greatly  increased,  amounting  to  70.7  per  cent 
(normal,  41-48  per  cent),  so  that  apparently  the  size  of  the  indi- 
vidual cells  is  increased. 

Miiiizer  and  Palma*  found  6,700,000  red  cells  in  one  case. 

In  a  chronic  case  reported  by  Yarrow  {loc,  cit.)  there  was  anae- 
mia (3,700,000  red  cells)  with  a  moderate  leucocytosis  and  8  per 
cent  of  myelocytes.  The  other  leucocytes. were  present  in  normal 
percentages. 

Ehrlich  found  numerous  normoblasts  in  one  case,  though  no 
anaemia  was  present.  The  presence  of  normoblasts  and  myelocytes 
under  tliese  conditions  points  to  a  stimulation  of  the  bone  marrow, 
possibly  to  make  up  for  some  haemolysis  of  which  we  have  no  direct 
evidence. 

Leucocytes. 

Eaton  *  reported  four  cases,  in  all  of  which  the  white  cells 
were  increased,  the  counts  ranging  between  16,000  and  22,000 
]H^r  cubic  millimetre.  Da  Costa's  case  had  32,000  leucocytes 
with  92  per  cent  polynuclears  and  1.6  per  cent  myelocytes  (480 
absolute). 

Miinzer   and    Palma   {loc.    cit.)   found   13,300  in  their  case. 

*  Yarrow:  American  Med.,  August  80th,  1908. 
"^  Loc.  cit.,  p.  234. 

'Zeit.  f.  Ileilk.,  vol.  xv.,  p.  1. 

*  Bostou  Medical  and  Surgical  Journal,  March  14th,  1895. 
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Twenty-eight  such  cases  have  been  examined  at  the  Massachusetts 
Geiteral  Hospital  with  the  following  results : 

TABI.S  LXXXIV.— Illumisatisq  Gab  Poisoniso. 
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Blobln. 

81.200 

27,100 

19,900 

100 

25.4T0 

afl.80C 

81.200 

15.500 

83.000 

20.400 

75 

80,860 

100 

20.100 

20,000 

je.8oo 

18.000 

84 

18.100 

17.300 

17.100 

17,000 

17.500 

17,000 

15,000 

80 

18,  WO 

er> 

13,mK) 

60 

fl.-HMI 

e,«oo 

73 

y,6oo 

W) 

(1.7110 

G.OOO 

100 

Coma:  recovery. 
September  12ih;  cnnuk 
September  IStli,  eutirrly  well. 
t,'oina;  recoTery. 
Duilh. 


November  37th;  coma. 

November  39th:  coiiiralesccnL 

Rwovery. 

Coma;  recovery. 

Deatb. 

Coma:  deatli. 


(  cmiB :  recovery. 
Tenipereture,  101';  recovery. 


Warthen '  reports  the  same  condition  in  a  single  case.  Here 
the  specific  gi-avity  was  also  very  high  (v.  Liiiibeck  tiada  that  this 
is  to  be  explained  by  the  increase  in  the  actual  size  of  the  cor- 
puscles). 

Other  poisons  of  this  class  are  sulphated  hydrogen  (H^)  and 
the  cyanide  compovmds. 

'  Vircbow's  Archiv,  vol.  cmvi. 
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GENERAL  INTOXICATIONB. 

I  insert  here  some  Bcattered  date  on  the  condition  of  the  blood 
in  general  syatemic  or  local  contrive  poisoning  not  primarily  or  di- 
rectly affecting  the  blood  itself. 

Tansif  Poisoning. — A  single  case  examined  at  the  Massachu- 
setts General  Hospital  showed  :  Red  cells,  4,600,000;  white  cells, 
21,000;  hseraoglobin,  70  per  cent. 

Corroiive  Poisoning  (Ammonia  Fumes). — A  patient  whose 
throat  was  covered  with  a  fibiinoua  pseudo-membrane  in  conse- 
quence of  inhaling  ammonia  fumes  showed  u  leucocytosia  of  25,800. 
Red  cells  and  hcemoglobin  normal.  Another  with  vomiting  and 
purging  gave  a  count  of  20,700  white  cells. 

Table  LXXXV-— Amjiohia. 


Mouth  and  pueumonla. 


Opium  Poisoning  (Chronic). — The  majority  of  cases  of  the  mor- 
phine habit  show  normal  blood,  but  in  October,  1897,  a  man  of 
twenty-six  entered  the  Massachusetts  General  Hospital  for  the  mor- 
phine habit  who  showed  at  entrance  30,000  leucocytes  per  cubic 
millimetre.  Five  days  later  the  count  was  21,200.  A  differential 
count  of  500  leucocytes  made  on  this  day  showed;  Polymorphonu- 
clear neutrophiles,  71  per  cent;  small  lymphocytes,  12;  large  lym- 
phocytes, 10;  eosinophiles,  6;  myelocytes,  1.  At  the  time  of  leav- 
ing the  hospital  he  still  showed  a  leucocytosis  of  16,400.  He  had 
no  fever,  and  the  physical  examination  was  entirely  negative. 

Other  cases  are  tebulated  below ; 

TiBLB  LXXXVI— Opicm. 
Aevle  Foitoning. 
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27 
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18,000 

T 
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21 
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9S 

ao 
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90 

62 

4.900 

90 
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"- 
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VbUc 
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■tofaU. 

»^ 

I 
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8 

sa 
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BO 

as 

Tabu::  LXXXVIL— PomoimtG,  Acnv. 
Chloral. 


t^to. 

Age. 

S^BBll*. 

cell*. 

1 

s 

19 

10.  MM 
14,4lW 

100 
W 

OilMfie  JUath. 

Wiaw.    

ST.flOO 

n.ooo 

32.000 

90 

July  nth. 
July  etli. 
July  lull. 

<                         O-mWce  S«Mmalf. 

U 

a7,2(Kl 

21.600 
B4,600 

42.400 

100 

October  Btii. 
OctubiT  18llj. 
OclolKT  IBIh, 
OctolKT  14ltl, 
October  15tli,     Autopsy, 

IklUidonna. 

4S      [   1   17.000         95 

A'itrie  Acid. 

81) 

12,000 
80,200 

90 
100 

Smo/M  tiuSoeation. 

1 

a 

8 
4 
b 
6 
7 

22 

75 
88 
42 
13 
80 
43 

4.924,666 


23,801) 

aooo 

19.100 
19.000 
10.500 
13,000 
10,500 
8.600 

75 

89 
B5 
45 
63 
70 
67 

Novenil>er  5lli. 
November  Otli, 
Temperature  99,5°. 
TempcrBlure  99.9°. 
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Ptoma'in  Poisoning  (Rotten  Fish). — A  mother  and  her  lour  chil- 
dren were  brought  to  the  Massachusetts  General  Hospital  suffering 
from  the  effects  of  decayed  fish  eaten  that  day.  The  blood  showed 
the  following:  (1)  Mother:  leucocytes,  21,600,  of  which  96.3  per 
cent  were  polymorphonuclear;  (2)  boy  of  seven  years :  leucocytes, 
19,900;  (3)  boy  of  three  years:  leucocytes,  66,800,  of  which  92 
per  cent  were  polymorphonuclear ;  (4)  girl  of  five  years :  leucocytes, 
32,()00;  (5)  girl  of  thirteen  months:  leucocytes,  66,400.  The  red 
cells  and  haemoglobin  were  normal.     All  the  patients  made  prompt 


recoveries. 


Table  LXXXVIIL— Corkosivb  Poisonimo. 

Carbolic  Acid. 


• 

C    I 

Z  1 

Afire. 

Sex. 

•  • 

•  • 

Red  cells. 

WhUe 
cells. 

Per  cent 
hflpmo- 
globln. 

Remarks. 

1 
o 

3 

29 
27 
28 

26.400 
10,800 
15,200 

85 
.... 

No  signs. 

Araenie. 


8 
4 


06 


2    2' 


20 
10 


11.600 

14,000 

80 

18.000 

•  • 

20,000 

•  • 

21,500 

•  • 

16,000 

75 

24.200 

75 

10,200 

•  • 

March  17th. 
March  20th. 
March  28(1. 
Marcii  26th. 

July  8(1. 
July  10th. 


ACUTE  ALCOHOLISM. 

Pieraccini  (he,  cit.,  p.  229)  in  three  cases  of  alcoholic  coma  re- 
eoids  the  following  differential  counts : 


<'a.s«'.                      Polynuclears. 

Lymphocytes. 

Eosinophiles. 

1 

61.8  per  cent. 

88.4 

59.7 

86.6  per  cent. 

10.8 

80.6 

1.7  per  cent. 
.8 
9  7        " 

o 

3 

Aolianl  and  Loeper  (loc,  cit.)  in  four  cases  of  acute  alcoholism 

found  **  leucocytosis  with  polynucleosis";   in  twenty  chronic  cases 

nothing  abnormal. 
27 
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It  has  been  shown  ex  [leri  mentally  that  in  auiinals  made  drunk  1 

wiUi  alcohol,  there  is  an  invasion  of  the  blood  and  tisanes  hy  micro-  1 

organisDis  from  the  intestine.     It  may  be  that  some  of  the  cotuits  1 

here  recorded  are  thus  to  be  explained.                                                           1 

Tablk  L^XXIX.— .A.CUTG  Au.'OHoi.ieH.                                   1 
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10 
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14,400 

95 
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14.200 

74 
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CbroDtc  case  of  delirium  tremens. 
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December  21st.                      ^^^^H 
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BASOPHILIC  GRANULATION  OF 
IN  LEAD  POISONING 

RED   CELLS                                PLATE     G                      T 
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PLUHBISU. 
Table  XC— Chronic  Ai^ohousk. 
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60 

eo 

BO 
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MEHCLItlAL  POISONING. 
Achard  and  Loeper  {lor.  ctt.)  iii  2  cases  (one  with  aymptoiiis 
chiefly  digestive,  the  other  eiifauieoiis)  found  If ucocytosis  with  ter- 
minal eosiuophilia  (8  to  12  per  cent).  Uf  3  canes  of  chronic  mer- 
curial poisoning,  2  showed  leucopeiiia  with  diminiithed  polynuclears, 
while  in  the.third  the  conditions  were  reversed.  1q  an  erythema 
due  to  calomel  Bezanqoii  (Arrk.  gin.  de  Med.,  1902,  p.  743)  noted 
eosinophilia  (8  to  14  per  cent)  (see  below,  page  SOtt). 

PLUMBI8M. 

Among  the  deleterious  effects  produced  by  lead  iu  the  human 
body,  aneemia  is  one  of  the  must  serious.  It  is  of  the  type  of  or- 
dinary symptomatic  anaemias  except  iu  one  particular,  to  which  at- 
t«ntion  has  recently  been  called  by  Grawitz,  viz.,  spotting  or  stip- 
pling of  the  red  cells  with  fine  basophilic  granules,  which  cau  be 
well  seen  in  smears  stained  by  Wright's  method  (nide  supra,  page 
41),  or  any  basic  dyes.  These  basophilic  granules  are  often  seen 
in  various  forms  of  very  severe  anfeinia,  but  in  plumbism  they  ap- 
pear (■('CM  u/ien  thf  antemia  and  other  gymptmna  art  of  a  mild  type 
or  are  absent  altogether. 

The  following  table  exemplifies  the  degree  of  anaemia  and  leu- 
ciM-ytosis  ordinarily  seen: 


Tablb  XCI.— Lead  Potaoifiiia. 
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46 

Lead  colic  and  hcndschp. 
EigLlh  day. 
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Table 

XCI.— Lead  Poisokiko  {CoMflnwrf).                               1 
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L.  N.  Itostou  (Phil.  Med.  Jour.,  September  27th,  1902)  has 
ealled  attention  espeiually  to  the  leuro^ytoais  which  occurs  in  pliimb- 
isin.      He  presents  the  following  datn: 
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Col]c:  blue  line. 

««i«hlMr<iSwd:'oi)llc  (mlMk. 
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During  the  colic  various  writers  (e.g.,  Becker*)  have  noted  leu- 
cocytosis — 19,000  or  more. 

SUNSTROKE  AND  HEAT  EXHAUSTION. 

The  leucocyte  count  may  be  either  high  or  normal,  according  to 
conditions  not  well  understood. 

Table  XCII.— Scnstrokb. 
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Age. 


1    10 
2;    35 


45 
46 
60 
49 
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Red  cells. 
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82 
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44 
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18,400 
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19,400 
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70 
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70 
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70 
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•  ■ 

6.200 

•  • 

10.000 

95 

10,000 

9,800 

62 

9,200 

95 

9.000 

? 

8,200 

62 

RemarkB. 


Two  days  later. 
Temp.  107".     Died. 

Temp.  109°. 

Temp.  106". 

Temp.  110?.    Delirium  tremens. 

Temp.   110.5".     Delirium    tremens. 

Deatii. 
Temp.  109^ 
Temp.  110%  first  dav. 
Temp.  104%  fourth  "day.    Died. 


Temp.     105'.      Delirium'    tremens. 

Death. 
Temp.  108% 
Temp.    107".      Delirium     tremens. 

Death. 


Laml^rt  (Loo mis-Thompson  "  System  of  Med.,"  vol.  iii.,  p.  876) 
found  in  12  cases  of  sunstroke  haemoglobin  values  from  86  to  125 
per  cent,  and  a  leucocytosis. 

Lewis  and  Packard  (Am.  Jour,  Med,  Sciences^  1902,  p.  406)  ex- 
amined 17  cases  of  sunstroke.  "  All  but  3  of  the  severe  cases  had  a 
leucocytosis  at  some  time,  but  there  was  considerable  irregularity  in 
the  time  and  duration  of  the  rise.  The  increase  was  usually  in  the 
polynucl^ar  cells"  (94.8  per  cent,  89.2  per  cent)  with  absence  of 
eosinophiles. 

Table  XCIII. — Heat  Exhaustion. 


1 
-  '  Arh.     Red  cells. 
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Percent 
hflpmo- 
globln. 

Remarks. 

1     

2  20      

8    62      

24,000 
19,800 
18.200 

80 
95 

Recovery. 
Recovery. 

Temperature  98.8% 

Becker:  Deut.  med.  Woch.,  September  6th,  1900. 
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PART  VI. 

MALIGNANT  DISEASE,   BLOOD  PABASITES. 

AND   INTESTINAL   PARASITES. 


UHAPTEK   X. 

MALIGNANT  DISEASE. 

TuK  Kluod  Ati  A  Wbolr 

1.  Tbe  specific  gravity  is  reduced  iii  most  cases,  run n in g  roughly 
parallel  with  the  hiemoglobin. 

'2.  Coagulation  is  iiornial  or  slower  than  normal  Id  uncompli- 
cated cases.  When  sloaghing  and  inflammation  are  present  it  may 
be  rapid. 

3.  Pitirin  is  usually  normal;  an  increase  means  iuflammation  in 
or  around  the  tumor  or  an  inflamniatoi'y  complication. 

4.  (.)ocasionally  the  resistance  of  the  red  cells  is  extraordinarily 
low.  tn  one  of  my  cases  the  ordinary  manipulations  of  preparing 
specimens  (either  fresh  or  film)  for  examination  invariably  mangled 
the  red  cells  beyond  recognition,  no  matter  how  quickly  and  care- 
fully the  technique  was  carried  out.  In  the  fresh  specimen  the 
red  cells  seemed  to  fuse  into  each  other  in  clumps,  their  blconcavity 
lost.  The  plasma  became  turbid  with  hemoglobin  despite  every 
precaution. 

This  was  a  case  of  cancer  of  the  kidney  with  multiple  hemor- 
rhage from  various  surfaces.  I  have  never  seen  another  case  like 
this  oae,  but  in  literature  several  such  are  mentioned. 


Red  Corpiisdes. 
As  in  tuberculosis,  we  are  frequently  surprised  to  find  but  little 
diminution  in  the  number  of  red  cells.     In  all  but  very  advanced 
cases  this  ia  the  rule.     It  is  a  change  of  the  individual  red  cells 
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(pallor,  loss  of  size,  of  weight,  degenerative  olianges),  rather  than  a 
reduction  of  immbers. 

Nevertheless  in  the  later  cachectic  stages  of  most  cases  of  malig- 
nant disease,  we  do  find  a  ijuantitative  aiitBinia,  the  counts  often 
running  as  low  as  2,500,000  and  oecasionallj'  sinking  as  low  as  in 
pernicious  anaemia.     Thus  v.  Limbeck  records  a  case  (compIicaieJ 
by  rapeated  henionhages)  with  only  950,000  red  cells   per  cubic 
millimetre,  and  Frese  ■  cases  with  800,000  and  681,000  respectively. 
The  lowest  count  in  my  own  cases  was  1,457,000. 

Tliere  seems  to  be  no  considerable  differenrs  Iwtween  cancer  and 
sarcoma  as  regards  their  effects  on  the  red  cells. 

The  fount  of  red  cells  is  sometimes  above  normal,  doubtless  due 
to  uoueeutration  of  the  blood  from  some  cause.     Pivliably  tlie  same 
influence  is  at  work  in  other  cases,  and  many  of  those  shnwiug  nor- 
mal ooiuits  have  really  fewer  red  cells  than  they  should.      Such  ab- 
normally high  counts  are  not  rare,  as  the  following  examples  show : 

A.a,«r. 

C»e. 

Aff«Ckni. 

Sed  cells. 

JZ^.    1 

OBterspeyt... 

Neubert 

Beinert' 

I 
3 
8 

1 

a 

G,  MO.  000 

6.184.000 
8.380.000 
5,086,000 
4.B18.O00 
6.800,000 

1?   1 

^    1 

"     1 

Cancer  of  the  liver  and  etonimch 

Cancer  of  the  liver 

Cancer  of  the  stomach 

I  wish  to  lay  some  stress  upon  this  point,  because  it  has  been 
stated   by  some   recent  writers  (c.y.,  Grawitz:    "Pathologic   des 
Blutes,"  Berlin,  1896)  that  the  red  cells  are  almost  always  dimin- 
ished in  malignant  disease. 

The  high  counts  in  cancer  of  the  gullet  are  obviously  to  be  ex- 
plained by  the  lack  of  liquid  taken,  the  blood  being  greatly  concen- 
trated as  in  any  other  form  of  starvation. 

That  this  increase  is  not  invariably  present  (see  Table  XCVIII., 
page  4.39)  is  doubtless  because  some  (esophageal  tumor!)  permit  the 
ingestion  of  liquid  in  normal  amounts  and  of  a  certain  aiuoimt  of 

solids.      In  g 
tion  of  the  b 
of  fluid  accu 

'Frese:  De 
*  Dissert.,  E 

1 

astric 
oodi 
nulat 

utsch 
[erlin, 

cancer  high  counts  are  usually  due  to  concentra-      ■ 
reduced  by  vomiting  or  to  the  lack  of  absorption      1 
ng  in  a  dilated  stomach  with  pyloric  obstruction.      1 
Arch.  f.  klio.  M<^d..  vol.  68.                                                    1 
1892.                    •  loaiig. -Dissert..  Dorpat.  1889.                    ■ 
Zaiilungd.  BlntkArp.,"  Lclpxtg.  1891.                                    B 

The  highest  couuts  iu  the  Massachusetts  General  Hospital  series 
aie  ill  simple  gastric  cancer  without  any  stenosis  at  either  eud  of 
the  organs,  and  the  lowest  count  (1,632,000)  was  in  a  similar  ease 
just  before  death. 

llitmorjloliiii. 

liierfreiiiid,'  who  has  examined  72  cases  with  regard  to  their 
percentage  of  coloring  matter,  fiminl  that  in  relatively  slow  and 
loug-standing  cases  it  averaged  (i8.6  per  cent,  and  in  the  woiut 
cases  57.5  per  cent.  In  cases  of  niainmiiry  canc«r  aft«r  operation 
the  hseniogluliin  is  of  course  lower  owing  to  liemorrhage,  and  liier- 
fi'eund  noticed  that  as  a  rule  the  hieuioglol)in  began  to  rise  toward 
noruial  ninch  later  than  after  operations  for  non-malignant  condi- 
tions—a week  later  on  the  average^ani/  that  it  netter  reuehed  the 
point  at  which  it  w<i9  he/ore  the  operation.' 

The  following  table  f  loni  Bierfveund  is  of  interest  as  illustrating 
these  points.  Cases  were  examined  Iwfore  and  after  operation,  and 
the  examinaiiona  were  continued  daily  after  the  operation  until  the 
hemoglobin  began  to  rise  again.  This  oc.cun'ed  vei'y  late  as  com- 
pare! with  other  operations 


bpftra 
npenitlcm 

P.r=™t 

pprwDt 

lOH. 

Malignant     tumor     wjtbout 

cumplication 
Very  large  or  rapiiJly  grow 

ini;  tumors 
Tumnra  willi  "softening"  or 

dieturbances  of  function. 

e8.!> 

G6.0 
57.5 

63 

39.7 

16.5 
!8.3 

17.8 

23    dajB. 
27.8  dajH. 
27    daya. 

Total.  72  cases. 

At..  60 

At.,  42.8 

17.2 

Av..  85.9  days. 

By  "regeneration  time"  is  meant  the  number  of  days  elapsed 
after  operation  befoi-e  tlie  htemogloliin  litgint  to  rise.  After  opera- 
tions for  other  causes  (n on- malignant)  the  average  regeneration  time 
is  from  fourteen  to  twenty  days. 

'  LAiigenbeclt'a  Archlr.  vol  xli. 

'This  is  all  Ihe  more  extraordinary  because Blerfreund  specially  noted  [bat 
eTeti  in  ,mtients  who  gaiocri  wcigtil  notablj'  afler  tlie  opeiation  the  btemoglo 
liin  liid  nut  rise  bo  bigli  as  tt  bad  been  before  operation;  be  watclied  Ibem  for 
monlUa  after  tt.  Apparently  Ibe  actual  presence  of  the  tumora  is  not  the  only 
cause  of  the  lack  of  corpuscle  bu balance. 
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iJm*  noticed  the  low  luetnoglnUn  jteirentagc  in  nuUignant 
■m  and  tliimgbt  it  a  li<-I[i  itt  excluUiug  benign  tiunora  or  mlipr- 
w»,  in  wbii^h  the  luenioglobtn  is  much  teas  diminisheil. 

tlir  87  ciuivx  i)f  malignant  tumors  in  wliieh  1  have  iintr*  of 
•M^nioglobin  (see  tabW)  tho  nverage  is  5S  ^rcent.  Conijtaring 
with  tlir  avitragt^  wninl  of  retl  cells  (4,l^i(W>),  we  get  a  mlnr 
indi-x  of  0  fifi,  dintinctly  liiglier  thHn  tlio  ;i veraf,-''  of  chlorotic  vag^s, 
of  wliicli,  however,  the  figures  distinctly  remind  us.  The  highest 
caHfN  iif  thiit  tieries  had  UK)  }>cr  cent  and  90  per  cent  of  beenioglobiii 
rcHiMfrivi-ly,  und  the  lowent  20  per  rent  and  22  per  cent;  in  these 
ImhI  two  ciisPH  tlie  color  indexes  were  0.36  and  0.68  respectively,  not 
(■xccHHivi'ly  liiw.  As  piiinled  out  l)y  Taylm'  (loe.  cit.),  cases  of  iiia- 
ligiiaiit  disciiHe  ca)i  U-  divided  into  three  groups  with  reference  to 
tht'ir  hl'MHl 

1,   Those  witli  approximately  normal  lilood, 

2    TlioHe  with  a  low  hiemoglobin  hut  a  nearly  normal  number  of 
cells 

rt.  Tliose  with  great  diminution  Imth  in  cells  and  coloring  matter. 
Among  our  own  rases  at  the    Massachusetts  General  Hospital 
hIhiuI  one-half  fall   under  the  serond  group,  one-quarter  under  the 
first,  and  nne-iiuarter  under  the  third. 

As  the  disease  progresses,  the  red  ri'lls  and  lijemt^lobin  steadily 
go  down  (except  in  cancer  of  the  gullet),  and  at  the  time  of  death 

■  JAii)ccnl>cck  H  Archiv,  18fl8,  p.  4S6. 

* "  BcftrKgu  7.   KcnntnUs  d.  Leticncytnsls."  Leipzig,  1893  (Vogel). 

»W)cn  med  Wocli..  I88«,  Sua.  18an<l  19. 
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1,000,000  pells  i>er  cubic  millimetre  is  not  rare.  It  is  very  rare  to 
find  the  red  cells  reduced  below  1,000,000,  much  rarer  than  in  per- 
nicious ansemia.  Improvement  under  treatment  is  rare  in  cancer, 
cJDmmon  in  pernicious  anceuiia.     This  ia  important  in  diagnosis. 

The  color  index  usually  remains  below  1.  Compared  to  most 
other  varieties  of  secondary  antpinia  (".ff.,  those  in  tuberculosis  or 
nephritis),  a  quantitative  ancemia — that  is,  a  loss  of  red  cells  as 
well  as  of  lisBmoglobin — is  relatively  more  frequent.  In  general 
the  degree  of  anaemia  is  parallel  to  the  amount  of  cachexia,  except 
when  hemorrhage  increases  it  (as  in  tumors  of  the  stomach  or 
litems). 

How  far  the  anemia  luay  l>e  due  to  actual  destruction  of  cells 
by  toxic  (?)  products  of  the  tumors  is  doubtful.  Grawitz  found 
that  the  injection  of  extracts  of  cimcerous  tissues  caused  in  rabbits 
a  temporary  dilution  of  the  blow),  so  that  the  cells  per  cubic  milli- 
luetre  were  diminished,  and  it  may  be  that  this  playa  some  part  iu 
the  causation  of  the  low  blmxl  counts. 


Qwi/itntliw  C/iaiiffet 

(a)  The  average  diameter  ef  the  red  cell*  is  often  diminished 
either  as  in  chlorosis  by  a  diminution  in  the  sixe  of  nearly  every 
corpuscle,  or  by  a  less  general  shrinkage,  many  cells  being  of  nor- 
mal size.  The  very  large  forms  seen  in  pernicious  antemia  are  rare 
in  the  aucemia  of  malignant  disease,  and  never,  I  think,  reach  the 
size  of  the  giant  forms  seen  in  tlie  former  condition  Very  small 
cells,  on  the  other  hand,  are  as  common  in  advanced  cases  as  iu  any 
other  form  of  auEemia,  except  chlorosis  Deformities  and  degenera- 
tive changes  are  very  common  in  well-marked  cases,  often  as  great 
as  ill  pernicious  an»mia,  though  they  may  be  slight  or  absent 

According  to  Strauer,  the  deformities  found  in  malignant  disease 
are  greater  than  those  found  in  any  form  of  tuberculosis,  and  this 
fact  he  thinks  of  value  in  diagnosis.  This  observation  has  been 
confirmed  by  Taylor. 

Degenrrative  changrx  are  sometimes  well  marked,  liut  seldom,  if 
ever,  reach  so  extreme  n  condition  as  occurs  in  many  cases  of  per- 
nicious ante  mi  a. 

(J)  Ifuffeated  red  rorpuscles  are  the  rule  in  all  advanced  cases, 
and  in  some  others.  Taylor  found  them  in  one-half  of  the  twenty- 
two  cases  examined  by  him.     Malignant  disease  differs  in  this  re- 


s|i«ct  froni  tubercniouji  Bad  inoBt  oUier  cooditioDS  invol^-ing  scoond- 
■ry  anninia,  in  that  the  nucleated  red  cellti  are  mnch  more  comnum 
in  citucer  and  inajr  appear  ereii  wheo  there  u  na  nnisiderable  lues 
of  red  cells  {nnnwricilly)  or  cvm  when  the  hjemoglotuD  ie  also 
nuriDftl  (S«:lii«iber)  1  liave  found  Ibem  ia  foar-fifths  of  all  severe 
cases  examined 

A.H  a  rule  the  ouoleated  corpuscles  are  of  tli«  nciniHiblast  tf  pes 
(including  small  forms  with  dividing  naclei),  but  in  very  eaebeedc 
ta*eA  we  may  find  megaloblaats  as  well — always,  so  far  ss  I  knoir, 
fewer  in  number  than  the  normoblasts  Osier  and  SlcCnitT  foond 
no  typical  megaloblasis  in  their  59  cases  The  megaIotiIast&,  wb^D 
present,  are  in  the  minority  as  compared  with  the  uormohlasts. 
For  e^tample; 


Cases  could  easily  be  multiplied. 

The  characteristics  of  the  blood  changes  in  malignant  disease, 
then,  so  far  as  coueems  the  red  cells,  are  those  of  secondaiy  anae- 
mia, which  at  times  attains  the  severest  type — but  only  wheu  ca- 
chexia is  marked  or  when  hemorrhage  complicates  the  disease. 

The  specific  gravity  follows  in  a  general  way  the  hsemoglobin 
percentage. 

On  the  white  corpu»ele»  in  malignant  disease  a  great  deal  of  in- 
terest has  centred,  and  very  conflicting  i-eports  have  beeu  published. 
As  the  effects  of  cancer  and  sarcoma  seem  to  be  somewhat  different, 
we  will  consider  them  sepai-ately. 

The  Leucocytes  is  Canckr. 

Quantitative  Chunges. 

We  should  expect  great  differences  in  the  blood  of  differeot  cases 
if  we  consider  what  »  wide  range  is  included  between  the  small, 
hard,  slow-growing,  cvirable  cancer  of  the  lip  which  may  produce 
little  or  no  impairment  of  the  general  health,  and  the  "fulminat- 
ing," rapidly  growing  cases  with  numerous  metastases  and  profound 
prostration. 
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The  former  class  of  cases  may  show  a  blood  normal  in  all  re- 
spects, while  in  the  latter  the  blood  may  be  so  profoundly  altered 
as  to  be  confused  with  that  of  pernicious  anaemia  or  of  leukaemia 
Da  Costa  found  leucocytosis  in  forty-five  per  cent  of  cancer  cases 
and  sixty-five  per  cent  of  sarcoma  cases. 

In  a  general  way  it  may  be  said  that  the  more  "  malignant "  the 
cases  the  greater  the  changes  in  the  blood. 

The  effect  upon  the  leucocytes  depends  upon  the  following  con- 
ditions: 

1.  The  position  of  the  tumor. 

2.  Its  size,  rapidity  of  growth,  and  the  number,  size,  and  posi- 
tion of  its  metastases. 

3.  The  resisting  power  of  the  individual. 

1.  Position, — (a)  Tumors  of  the  gullet  involving  stricture  but 
not  extending  to  other  tissues  are  often  accompanied  by  a  diminu- 
tion of  the  leucocyte  count,  owing  to  the  starvation  which  they  pro- 
duce. This  is  not  true  of  all  cases,  as  is  shown  in  the  accompany- 
ing tables,  but  when  the  leucocj'tes  are  increased  there  is  usually  an 
involvement  of  other  organs  as  well. 

(Ji)  Cancers  of  the  uterus  and  some  of  those  of  the  stomach,  by 
reason  of  the  hemoiThage  which  they  produce,  are  apt  to  be  associ- 
ated with  a  very  high  leucocyte  count. 

(c)  Tumors  of  the  thyroid  and  of  the  pancreas  are  said  by  some 
writers  to  cause  a  specially  great  leucocytosis.  In  my  own  experi- 
ence, tumors  of  the  kidney  have  shown  very  marked  increase  of 
white  cells. 

2.  Size. — Other  things  being  equal,  the  larger  and  more  rapidly 
growing  tumors  show  in  most  cases  a  greater  leucocytosis  than 
small,  slow-growing  ones. 

Thus  the  cancers  of  the  lip  and  of  the  pylorus,  scirrhus  of  the 
breast  or  of  the  penis,  show  smaller  counts  than  tumors  of  the  liver, 
omentum,  and  kidney,  which  are  apt  to  grow  more  rapidly  Metas- 
tases in  the  l)one  marrow  are  thought  by  some  observers  to  give 
peculiar  (jualitative  blood  changes  (see  below). 

In  general,  metastases,  being  a  method  of  rapid  growth,  simply 
add  to  the  leucocyte  count. 

Tliese  distinctions  eliminate  some  of  the  apparent  contradictions 
between  the  findings  of  different  individuals  who  were  simply  de- 
scribing cancers  of  different  types.  But  even  within  a  single  type, 
tliere  are  very  marked  differences  in  different  cases.     For  instance, 
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Alexander '  fonnil  the  leucocyte  count  iu  cases  of  scirrhiu  of  the 
breast  to  vary  between  2,3<iO  aiiil  21,700.  Similar  differences  have 
been  reported  in  canoers  of  the  stomacli  («.</.,  Si>lmeider'  linditig 
leucocytosis  in  all  of  twelve  cases,  while  Osltrspey '  in  anotlier 
series  of  twelve  cases  found  leui^M-ytoaia  in  only  two). 

3,  Regi»l{ng  PaiPfr. — Possibly  a  pait  of  these  diffei-ences  is  to 
be  explained  by  differences  in  the  resisting  power  of  the  individaal. 
But  if  this  is  so,  we  cannot  measure  the  endurance  of  a  given  iia- 
tient  by  his  general  health.  As  in  the  Civil  War  the  pale,  city^ 
bred  men  outlasted  the  healthy  farmers,  so  here  the  tumor's  rapidity 
of  growth  seems  often  to  lie  gi-eatest  in  the  most  vigorous  young 
dividuals,  while  dried-uji  old  women  will  resist  its  advance  for  a 
longer  period. 

We  come  now  to  the  eunditiuns  to  be  found  in  particular  types 
of  cancerous  growth. 

Surprisingly  little  work  has  been  done  on  the  blood  in  malignant 
disease,  such  cases  usually  being  under  the  charge  of  surgeons  who 
rarely  value  such  investigations.  Kxcept  for  scattered  counts  here 
and  there,  all  onr  knowledge  of  the  corpuscles  rests  on  the  work  of 
Hayem  and  Alexander  in  France,  and  Rieder,  v.  Limbeck,  P^, 
Sadler,  Reinbach,  Osterspey,  Grawitz,  Strauer,  Schneyer,  and 
St^hneider  in  Germany,  C'unliffe  in  Kngland,  Da  Costa,  Taylor,  and 
myself  in  this  country. 

Cunliffe's  thorough  study  of  seventy -eight  cases  of  cancer  (^MrHi- 
fal  Chranirh,  Septemlter,  1903)  is  summarized  in  the  table  on  the 
opposite  page.  I  regret  that  it  came  to  me  too  late  to  be  more  fully 
utilized  in  this  edition. 


Da  Costa 


his  resultM  in  the  following  table: 
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14,400 
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14.000 
34.000 
16.000 
SI. 000 
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'  Alexander:  TWst  iJ«  Paris,  1887. 
'Inaug.'DlsBen.,  Berlin.  1688. 
■  laaug.  Dissert  .  Berliu,  1893. 


2     S  3      §  s  = 


§        I  i      I      I 
§        g  I       S       S 

i      i  i    I    I 


S         £         S 


-  5"  i; 


:   i  I  §     J     "i 

I  i      §  I    i i 

•  sail        ■ 

i  ilal       : 


il 


8PECUI'  PATHOLOOV  OF  THB  BLOOD. 


CANCER   OF  THE   BREAST. 

Aloat  of  our  data  came  from  Hayem  '  aitd  his  pupil  Alexander.' 

1.  Soirrhug  Grout/is. — Nuiubec  of  cases,  14.  Average  leuco- 
cyte count,  11,400.  Highest  count,  21,700;  lowest,  2,360— ^lie 
laat  is  somewhat  doubtful  as  to  diaguosis;  except  for  this  case, 
which  was  iu  a  very  old,  dried-up  woman,  the  lowest  count  was 
7,400. 

In  10  out  of  the  14  cases,  the  count  was  over  10,000.  Iu  the  3 
fiases  seen  by  the  writer  2  showed  no  leucocytosis,  1  a  considerable 
leucceytosis. 

2.  Medullary  (Etire/ihaloitl')  Growth». — Three  cases,  all  over 
10,000— average  11,300. 

Houston  {/(W(.  Med.  Jniirii.,  November  14th,  1903)  reports  a 
case  of  caucer  of  the  breast  complicated  by  umuy  hemorrhages  from 
raucous  meiDbrsues  and  under  the  skin.  Repeated  blood  cxnmina- 
tions  showed  figures  like  the  following;  Red  cells,  1,600,000; 
btemoglobin,  33  per  cent  (color  index,  1.03);  leucocytes,  6,0(K>. 

Differential  count  of  600  Ieiicocyt*a  showed:  Folyuuclears, 
56.4  per  cent;  lymphocytes,  38.3;  large  inouonuelears,  5.2;  eosin- 
ophilcs,  0. 

Twenty-seven  inegaloblasts  and  thirteen  normoblasts  were  found 
during  this  count.  At  autopsy  metastatic  cancerous  nodes  were 
found  in  the  marrow.  The  blood,  as  will  be  seea,  is  that  of  per- 
nicious anaemia. 

Effects  of  Operation. 

The  following  figures  from  Hayem  are  also  of  interest: 

Case  I.— Scirrhus  of  the  Breast. 

Before  operution 21.700 

Five  wet'ka  after  operation  (wound  not 

quite  healed) 10,000 

Wound  completely  healed  . .    6,200 

Seven  monthg  after  operation 9,090  (bcginnlDg  to  rise  again). 

The  growth  recurred  some  months  later  and  Icucoeytosis  was  again  present. 

'  Hayem :  "Du  Sang."  Pftria,  188B.  p.  947. 

'G  Alexander:  "Dc  la  Leucocyiosiadaus  les  Cancers,"  Paris  Thesis.  1887. 
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Case  II. — Scirrhus  of  the  Ikeast. 

Flnit  Second 

count.  count 

Before  operation 11,500  11.450 

After  operation 8.500  6.200 

Case  III.  — Scirrhus  of  the  Breast. 

First  Second 

count.  count. 

Before  operation 11.000  12.400 

After  operation 8,400 

Case  IV. — Scirrhus  of  the  Breast. 

Before  operation 7.400 

After  operation 1,800 

« 
Case  V. — ^Medullary  Cancer  of  the  Breast. 

Before  operation 10.000 

After  operation 9,000 

Hayem  considers  that  by  watching  the  leucocyte  count  we  can 
predict  the  coming  of  a  recurrence  before  any  physical  signs  ai*e 
present.     This  he  did  in  Case  I.  of  the  series  just  given. 

I  have  seen  no  confirmation  or  refutation  of  this  statement.  It 
is  one  of  the  many  points  to  which  the  attention  of  surgeons  should 
be  directed. 

CANCER  OP  THE  STOMACH. 

Taking  all  the  cases  of  cancer  in  my  series  together,  the  average 
of  the  1^9  at  the  time  when  treatment  began  was  JffilSfiOO  red  cells 
yer  culnr  millimetre. 

In  Osier  and  McCrae's  59  cases  the  average  red  count  was 
3,712,18(5  per  cubic  millimetre.     Their  counts  ranged: 

Over  6,000.000 8  cases. 

5,000,(K)0  to  6,000.000 7    ** 

4,000,<>00  --6,000,000 17    " 

S.UOO.CHK)  "  4.000,000 16    - 

2,000.000  "   8.000,000 8    •* 

1,000,000   "  2,000,000 8    ** 

Table  XC IV.— Gastric  Canceb  at  the  Massachusetts  Hospital. 

Red  cells. 

Between  1,000,000  and  2.000,000 6  cases. 

2.000,000    "    8,000,000 20    " 

28 
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Total,  373  counts  fn  SS5  cmma.' 
Avemge,  10.600  + 

Hayem*  in  12  cases  found  teucocytosis  present  In  S,  absent 
in  7. 

Schneider'  in  12  cases  fimiid  leucooytosis  in  12  (all). 

Schueyei'  in  18  cases  found  lencocytosis  in  4,  and  these  4  all 
under  11,000. 

Ostersiiey  '  in  12  cases  found  leucocytoBis  in  6. 

lUeiler'  in  6  cases  found  Ieu('ocyto8is  in  3. 

Sadler'  in  13  cases  found  leucocytosis  in  2,  and  in  both  there 
were  complications  (abscess  of  liver,  perforation  of  gullet  with  gan* 
grene)  to  which  the  leucocytosis  might  lie  due. 

'  Where  scvituI  counts  were  tna<Ic  in  odl-  case  Uicy  are  here  avenged  and 
eounlcU  as  0:10  case. 

•-D11  Sang,"  Paris,  1886,  p.  948.  •  Inaug.-DisBert,  BerUn,  1888. 

•Inaug.-DiBsert.,  Berlin,  1893.  '  loe.  eit. 

'"OrlglnHl-MittlipHiinjrpn  aii8  drr  Rlinlk  v.  .Trikscb."  1891. 
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Reiiibaeli '  iu  4  leases  found  leucocytosis  in  2. 

Reitiert'  in  2  cases  found  leucocytoeis  in  2. 

Ijaactio '  in  6  oases  found  leucocytosis  in  none.* 

Despite  these  facta  we  have  the  record  of  a  certain  number  of 
singlii  cases  in  which  the  leuco<7t«aia  has  beeu  enormous  For  in- 
stance, Welch  in  Pepi>er's  "System  of  Meditrine "  mentioned  a 
case  in  which  the  ratio  of  white  to  red  cells  was  1:  25  (normally 
1:750±). 

Eisenlohr's'  case  showed  1  whitH  to  50  red,  and  Potaiii's'  ease 
showed  1  white  to  48  red  cells. 

The  Klassachuaetts  General  H<ispital  series  of  236  cases  showed 
leuoooytosis  in  69  eases  and  none  in  176  (see  Table  XCV.)  Out 
of  those  showing  leucocytosis  27  were  under  15,000,  that  is,  the 
leucocytes  were  but  slightly  increaseil,  leaving  ouly  42  out  of  i.'SB 
(or  18  peroent)  in  which  the  leucocytosis  was  very  marked.  Among 
these  20,  the  highest  counts  were  40,000  and  ^,000,  and  the 
highest  i-atio  1 :  (i2. 

From  this  series  I  have  excluded  all  cases  in  which  there  was  evi- 
dence of  metastasis  in  other  organs;  this  means  excluding  19  cases, 
11  of  which  showed  leucocytosis,  and  helps  to  account  for  the  low 
average  leucocyte  count  in  the  other  235  cases. 

In  over  three- fourths  of  these  cases  the  diagnosis  was  made  cer- 
tain  either  by  operation  or  by  autopsy!  ^H  the  others  showed  either 
a  palpable  tumor  in  old  cachectic  patients  with  pain  and  vomiting, 
or  other  equally  clear  evidence  for  the  diagnosis.  Doubtful  cases 
have  been  excluded.  As  will  be  seen  by  the  table,  in  some  of  the 
cases  the  counts  were  verified  hy  repeated  examinations,  while  in 
others  only  a  single  count— that  made  when  the  patient  entered  tha 
hospital — was  recorded. 

As  a  rule,  the  high  leucocyte  counts  were  in  the  more  cacheetio 
cases;  but  this  does  not  always  hold.  Three  cases  in  Table  XOIV. 
were  very  cachectic  but  showed  no  leucocytosis 

The  position  of  tlie  tumor  in  one  or  another  part  of  the  stomach 
seemed  to  have  no  connection  with  the  number  of  leucocjrtes.     Osier 

'  LangenbeckB  Arcliiv.  189-1,  p.  488.  '  Ijk.  fit. 

'"Die  Anamie."  ChristlBalH.  1883, 

'  AppareDtly.  since  he  draws  atteutlon  to  the  fact  that  there  li  leucocytosis 
Id  a  case  of  cancer  of  tlie  uterus. 

'Dcut.  Arch-  f.  Win.  Med..  1877.  vol.  ijt. 
•Gai.  desHep..  1888,  No    .-VT 
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and  UoCrae '  found  no  leucocytosis  in  29  easea  out  of  62.      T 
oonnta  showed : 

Leucocytes. 

Below  8,000  U  rniwa. 

0.000  to   8.000 IJ    " 

8,000   "    12.000 16     - 

12,000  "    20.000. 15    " 

80.000  -    80,000 S     - 

Oa  cases. 

Their  highest  coiiut,  28,000,  was  in  a  case  with  extciisiTe  bepatie 
metastasis  The  uumber  seemed  to  bear  no  fixed  relation  to  the 
eituatioD  of  the  growth,  nor  to  the  amount  of  ulceration,  of  metasta- 
sis, or  of  fever. 

On  the  whole  we  get,  I  think,  verj-  Httlo  information  of  anj-  diag- 
nostic value  from  lilood  eouiits  in  gastric  canc*r.  I^ueocjtoais  is  rela- 
tively infrequejit  in  cancer  of  the  stomach,  oecuniug  in  only  about 
one-fifth  of  the  early  cases  Aa  the  disease  progresses  we  may  get 
a  leucocy tosis,  particularly  in  case  its  growth  is  rajiid  and  metastastifs 
are  frequent  and  numerous;  Init  some  cases,  particularly  those  in 
which  the  tumor  is  small  and  grows  slowly,  may  run  their  entire 
course  without  any  leucocytosis  being  present  In  this  respect  they 
are  like  the  majority  of  small,  slow-growing  cancers  in  other  parts 
of  the  Iwtly  (see  below). 

Hemorrhage  or  perforation  is  of  course  accompanied  by  an  in- 
crease in  the  number  of  white  cells — in  fact  the  highest  count  in 
the  present  series  (105,600)  occurred  in  a  case  in  which  a  cancer  of 
the  stomach  with  metastases  in  the  liver  perforated  into  the  perito- 
neal cavity  and  started  a  virulent,  quickly  fatal  peritonitis. 

DIGESTION  LEUCOCYTOSIS  IN  CANCER  OP  THE  STOMACH. 

A  considerable  body  of  statistics  has  accumulated  to  show  tliat 
in  the  great  majority  of  cases  of  gastric  cancer  the  leucocytosis  of 
digestion  (see  page  91)  does  not  occur.  R.  Muller '  noticed  this 
fact  in  5  cases  of  cancer  of  the  stomach.  Schneyer*  in  18  cases 
found  it  invariably  absent,  while  in  3  cases  of  benign  stenosis  of 
the  pylorus  a  considerable  digestion  leucocytosis  appeared,  as  was 

'  Osier  audMcCrae:  N.  Y.  Med.  Jour..  May  ]»th.  WOO. 

'Prag.  m»d.  Woch..  1800.  No,  17. 

•Zeit.  f.  kiln.  Med..  1895,  p.  475. 
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also  the  case  iu  7  out  of  S  cases  of  ulcer  of  the  stomaob,  the  exoejH 
tiou  being  a  fatal  case. 

He  found  both  incipient  and  advanced  cases  to  be  similarly 
aBected,  In  5  of  his  cases  and  in  some  of  MtlUer's  HCl  was  pres- 
ent ill  the  gastric  contents,  so  that  the  absence  of  digestion  leucocy- 
tosis  was  not  due  to  absence  uf  HCl. 

Hartung  '  in  a  aeries  of  10  cases  (mostly  advanced)  found  no  di- 
gestion leucocj-tosis,  whereas  a  inarkeil  increase  occurred  in  oases  of 
malignant  disease  of  other  organs.  Osier  and  McCrae  found  no  di- 
gestion leucocytosis  iu  12  out  of  22  cases. 

Capps  *  in  17  cases  examined  at  the  Massachusetts  General  Hos- 
pital found  a  digestion  leucocytosis  in  3,  the  increase  being  respec- 
tively 3,270  and  3,850  cells  over  the  count  before  the  beginning  of 
digestion.  In  the  other  15  cases  there  was  no  increase  after  a  large 
proleid  meal.  Since  Dr.  Capps'  article  20  more  cases  have  been 
investigated  at  the  hospital,  in  19  of  which  the  digestion  leucocyto- 
sis was  absent.     Thus  in  a  total  of  37  eits'-s  only  S,  or  8  per  cent, 

wed  any  digestion  leucocytogia.  In  6  out  of  10  cases  of  chronic 
gastric  catarrh  the  digestion  leucocytosis  was  present;  it  was  als& 
present  in  a  case  of  benign  stricture  of  the  pylorus  in  a  man  of 
forty-nine  on  whom  an  oiwration  was  successfully  performed  later. 
The  digestion  leucocytosis  may,  however,  be  absent  in  varjous  gas- 
tric diseases  and  in  simple  debility  and  lias  been  shown  by  Kenki ' 
and  others  to  be  subjected  to  the  normal  function  of  the  pylorus 
and  of  the  bowels.  Out  of  144  cases  tabulated  from  various  authors 
by  Da  Costa,  1J9,  or  82  per  cent,  had  no  digestion  leucocytosis. 

On  tlie  whole  subject  of  the  blood  in  gaatiic  cancer  I  agree  in  the 
main  with  the  conclusions  of  Osier  and  McCrae  {loc.  cif.) : 

"  1.  In  a  doubtful  case  a  blood  count  below  1,000,000  red  cells 
•  per  culiic  millimetre  is  strongly  in  favor  of  pernicious  auseuiia. 

"  2.  While  nucleated  red  corpuscles  occur  in  all  very  severe  anae- 
mias, megaloblasts  rarely  if  ever  appear  in  cancer  of  the  stomach. 

"  3.  Neither  an  increase  in  the  leucocytes  nor  special  variation  in 
the  different  forms  appears  to  be  of  any  moment  in  the  diagnosis  of 
gastric  cancer. 

"  4.  The  presence  or  absence  of  digestion  leucocytosis  is  too  un- 
certain to  be  of  much  assistajice  in  diagnosis." 

'  Wiener  klin.  Woch..  p.  687,  18B0. 

•  Boston  Med,  nnd  Surg,  Journal,  November  4lb,  1B97. 

'Rcnkir  Arch,  f,  VprduuungBkr  ,  1901,  vol.  vU. 
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CANCER  OF  THE  STOMACH   WITH  METASTASES- 


Ht  writers  have  not  sejiarat^il  the  cases  with  metastasis  from 
without  it      A  glaiice  at  the  iiiiiet«eii  oases  of  Table  X'.'VL 

d  thftt  with  four  exceptioua  leucooytosis  was  present  thtougboui 

;  of  the  disease. 
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C&NCBR  OF  THE  GULLET. 

The  variations  in  the  following  case  are  of  interest : 
Tablk  XCVII.— Cascek  ar  Stouacii  with  many  METAaTABEB. 


1 

1 

i 
1 

1 
1 

s 

s.floa 

TJao 

MOO 

8.300 

aooo 

3X0 

! 

i 

4S 

1 

i!_ 

Pf 

r 

1 

1 

BBmirk*. 

w 

*n.  M, 

an.   Wb 

;eb.  ft], 
fen:  fflm. 

(W.  I8U| 

zz 

t,BHUWI 

i.au.oao 
i.TM,ajn 

1.102.000 

M.O 

78.5 

£3.1) 
W.0 

K 

SJ 

.1 

HUcti 
Borne 
Some 
Some 

None 

NcfflB 

KovarlxUaiiliitlie. 

Milrti«p«.^lJHlei»II. 

K 

i>h*orBt.pe.  Koiolr- 
MiraiUBUipbllla. 

CANCER  OK  THE  GULLET. 

Most  authors  are  agreed  that  no  inereaae — in  fact  usually  a  de- 
crease— of  white  cells  is  the  rule  m  this  disease.  Thus  Kieder 
found  6,900  in  one  case;  Osterspey's  two  cases  showed  iio  leucocy- 
tosiu,  and  Escherich  and  Pee  found  similar  results.'  This  is  proba- 
bly due  to  the  fact  that  the  position  of  the  tnmor,  by  causing  star- 
vation, t«nds  to  lower  the  leucocytes,  while  it  belongs  to  a  class  of 
small,  slow-growing  cancers  which  do  not  as  a  rule  tend  to  produce 
leucocytosis, 

Nevertheless,  12  of  the  26  cases  in  the  Massachusetts  General 
Hospital  series  (see  Table  XCVIIl.)  did  have  leucocytosis,  perhaps 
owing  to  some  metastasis  ov  complication. 

Table  XCVIII. — Cakcer  of  the  Qiillet. 
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LS  XCVIIl.— Casckb  op  the  Gullet  (0)n(inH<nd>. 
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1I..WI 

Four  huurH  liiMr.                  ^^H 

7.700 

75 

8.200 

BO 

i.m.m 

8.72.^ 
11.100 
lO.liOO 
11.800 

72 
68 

1 

ii 

11.800 

80 

Hcmsturia  bIm.                  ^^H 

ilmm 

ll.OOU 

BO 

Vo  mi  tin  If.                             ^^H 

18.000 

80 

January  14th. 

14,000 

January-  21st. 

» 

47 

18.700 

70 

SI 

47 

M. 

15,400 

80 

28 

88 

M. 

15,800 

80 

SB 

67 

M. 

4,004,000 

18,400 

60 

Diirliig  digestioD. 

U 

H 

16,400 

85 

SB 

88 

4,'Md,bbo 

20.600 

as 

47 

88,000 
8'J,0Oil 

80 

January  20tli. 

.Iiiniiary  SOtli.     Aulopsy. 

CANCER  OF  THE  LIVER. 
(See  Table  XCIX.) 

Wlajew '  records  a  case  in  which  the  red  cells  fell  to  850,000 
with  1.020  specific  gravity. 

Of  ouv  53  cases,  leucocytosis  was  present  in  29 — over  one-half, 
others  showing  a  li?ucocyt«sia  later — a  larger  proportion  than  in 
gastric  cancer.  The  cases  were  not  all  primary  in  the  liver  or  bile 
ducts,  but  none  originated  in  the  stomach,  and  in  all  the  greater 
part  of  the  growth  was  in  the  liver  itself. 

The  comparatively  great  diminution  in  the  red  corpuscles  will 
'Wlajew:  St.  Petersburg,  med.  Wocb..  1894.  No.  48. 
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be  noted  in  the  Table  XCIX.  The  condition  both  of  red  and  white 
cells  is  doubtless  due  to  the  rapid  growth  of  tumors  of  the  liver  as 
compared,  e,g,,  with  those  of  the  stomal*^  or  lip  (see  below). 

Table  XCIX. — Cakcek  op  the  Liver. 


• 

o 

ARe. 

• 
M 

■  • 

Red  cells. 

Wbite  cells. 

III 

20 

Remarks. 

1 

85 

1,680.000 

4.800 

August  8d. 

2,128,000 

20 

August  7th. 

1,840,000 

20 

August  12th. 

2,968,000 

i6!266 

80 

August  19tli. 

2,612,000 

8,100 

80 

August  26th. 

2 

55 

M. 

4,170,000 

5,000 

•  • 

Bile    ducts  =  starting-point.     Au- 
topsy. 

8 

61 

M. 

8,824,000 

5,200 

52 

4 

42 

6,200 

•  • 

Autopsy. 
Bile  ducts. 

5 

52 

5,100*666 

6,800 

80 

6     59 

7.400 

7      58 

7,600 

90 

8     48 

4,060.666 

7,800 

80 

9     44 

K 

4.968,000 

7,800 

69 

January  4th.  1896.    Autopsy. 

'■■  8.784,000 

19,700 

68 

February  12th.  1896. 

lO!     59 

M. 

4,570,000 

8,000 

Operated. 

Uj     31 

F. 

4.572.000 

8.000 

62 

12      59 

8.800 

68 

13'     Ai\ 

•  • 

8.500 

•  • 

Gall  bladder. 

14      48 

• 

4.212.666 

8,700 

50 

15 

72 

M. 

4,100,000 

9.000 

16 

50 

9.000  a.c. 
10,400  p.c. 

• . 

Bile  ducts. 

17 

52 

•  • 

9.100 
9,100a.c. 
8.500  p.c. 

75 

18 

54 

M. 

4,072,000 

9,800 

• . 

Diff.,  1,000  cells:    Poly.,  82.4  per 
cent.;    small   Ivmph..   8.5;    large 
lymph.,  8.1;  old  lympb.,  1. 

1 

19     42 

•  • 

5.600,000 

9.600 

66 

Gall  bladder. 

20,     35 

M. 

8,800,000 

12,500 

«  « 

November  8d    )  Poly.,  92  per  cent. ; 

9,800 

•  • 

November  5th  >     lymph.,  8.     Au- 

22.000 

•  « 

November  6th  )     topsy. 

21 

44 

•  • 

8,782,000 

9,800 

20.000  a.c. 
18,800  p.c. 

40 

•   • 

December  5th.     Poly.,  75  per  cent; 
lymph.,  22;  eosinophiles.  8;  reds, 
pale  centres. 

December  21st. 

M. 

4,108,000 

9,970 

45 

January  Ist.  1896. 

11,200 

•  • 

January  8d.  1896.     Autopsy. 

28      67 

■   • 

4.176.000 

10,200 

55 

24      65 

M. 

•  •  •  •       •  •   . 

10.800 

58 

2.-)      57 

1 

1 

•  • 

3,856,000 

10.400 

11.400  u.c. 
16,600  p.c. 

80 

Poly.,   68  per  cent.;    lymph.,  80; 
eosinophiles,  2. 

26 

40 

10.400 

60 

Operated. 

27 

50 

M. 

8,'266,66o 

10.800 

•  • 

Primary  in  bile  ducts.     Autopsy. 
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Table  XCIX.— CiHCKM  of 

THK  LiVRii  {CanUntud).                     ^ 

=i«- 

i 

n«». 

While  crilt 

III 

-^ 

■H)\    « 

10.800 

80 

3».  m 

4,450.000 

11.000 

65 

April  8d. 

4,033.000 

fle 

April  3l8t. 

ao 

64 

'  Vr.aoo' 

13.650  a,  c. 
14.750  pc. 

April  aOlh.     Bile   ducM    and    gs(U, 
Btonra.                                                ^J 
April  26tl>.                                               ■ 

ai 

57 

M. 

1 1.1(10 

50 

82     S9 



11.800 

SO 

881    41 

ia.aoo 

65 

Ml    TO 

"!!!!! 

18.000 

38.400 

January  2Sth.     Died  Jaauary  80lh. 

S8 

18.600 

m 

48 

14,000 

60 

3T 

3N 

48 
S6 

it. 

4.'liK)'.(KW 
8.956.000 

8.180,000 

14,100 
14,200 

14,800  >i.c. 
17.800  p.  c. 

47 
65 

July  nib.     Autopv,  July  Hht. 
Poly..  84  per  cent;    lymph..  15.6, 

coainupbilei  4- 

JsDuary  34tli.                                       1 

W 

SS 

uisoiV 

70 

M 

40 

SS 

4.400',  666 

15.600 

75 

^ 

64 

M 

8.768,000 

2,880,000 

2.928,000 

I5.»t00 

ai.Boo 

l.NHl 
11.700 

45 
4^ 

May  8Ui. 
May  24th. 
May  28tli, 
June  8tli. 

41 

ai 

15,700 
111,100 

80 

February  270). 
February  38th. 
Poly  ,  88  percent:  myelocyte.  1, 

42 

80 

F. 

8.660.000 

17,300 

82 

16,800 

48 

48 

3.900.000 

17,500 

48 

['oly,,    93   [«r  cent;      lymph,    5.8; 

Amopsy, 

44 

68 

8,864.000 

17,600 

65 

40 

81 

H. 

8,180.000 

18.700 
15.600 
14,000 

53 

December  20tb. 

Dtteiiil)er  80tb,     Before  food. 

December  80th.     Four  taoura  later. 

46 

87 

30.600 
19,000a.c 
20.000  p.c 

47 

66 

8,704.000 

21,000 

50 

48 

58 

38,200 

Jantiury  Slat, 

28,200 

Febniary  13th.     Absceas  of  liver. 

4B     45 

34,400 

17.300 

70 

March  14  th 

50' Adult 

M. 

4,409,000 

2.5..'im) 

51     69 

37.000 
17.000 
13,000 

70 

April  laib 
April  I4tb. 

April   I6tb.     Diff.  count  500  tella: 
Pr>ly..  85.8  percent;  smaU  lymph.. 

11.6;  large  lymph..  a.B. 

CANCBR  or  THE  INTESTINE. 


Table  XCIX.-Canckr  of 

THE  LiVKR  {Ouitinaedj. 

-i 

A  HP. 

1 
M. 

R«d  cells. 

www  fell.. 

Hi 

».^ 

52 
68 

48 

m 

2,824.000 

4,S44.000 
3,186.000 

4.ose,ooo 

82,600 

85.600 
86.400 
28.000 
28.000 

88 

Omental  LpraJa.    Purpura  bsmor- 

Poly.,84.8ptr  cent^  lymph.  15.2; 
eosiDopliikB.  0;  no  nucleated  reds; 
coDsidereble  variation  in  size;  mod- 
omte  poikilucytosis. 
November  S9tli.  Xtm. 

January  IBth.  1898. 

Februar7  16th.  1896.     Autopay. 

«      n  w  4    i   s   a  ID  It  u  11  14 

y 

y'               7 

V               A    ' 

t         H^Z   V 

t        t' 

dt     i 

,^-J           3 

^'        ^J                                              DI.<.Ult> 

28,000 
S6.UO0 
24.000 
20,000 
18.000 
16.000 
14,000 
12,000 
10,000 


rra.  81.  — 0»n  ol  LnKoejUa  In  « ' 


CANCER  OP  THE  INTESTINE. 

The  leucocyte  counts  range  both  high  and  low. 

}[ayeni '  found  cancer  of  the  rectum  to  show  only  9,500  leuco- 
cytes. Reinbach '  found  in  three  cases  of  cancer  of  the  rectum  mod- 
fiatc  leucocy  tosis. '  Only  15  of  the  39  cases  in  our  serif^s  (see  Table 
r.)  showed  leucocy  tosis,  and  in  one  of  these  there  was  a  compli- 
cating pylephlebitis  which  probably  raised  the  count. 

Tlie  red  cells  show  little  change. 

'  !ak.  cit.  '  Lee  fit. 

■  .\[iparetitly— that  fs.  thi;  perrpniage  of  polynuclear  ceils  wm  {ncreaaed. 
He  lilii  not  count  tlie  leucocytes  aa  a  whole. 
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Table  C— Cancee  op  the  Ibtestike.                                      | 

Pctcu 

1 

4B. 

Sex. 

RMlnlb. 

celU. 

StoSS: 

eeoork^ 

28 

"mT 

S.800 

72 

Cancer  of  cftcuni.     Operation 

S 

59 

F, 

4."S0O,0(l0 

6.600 

88 

CsDcef  of  cKCum.     Aiitop«j' 

8 

S» 

H, 

4.868.000 

6.800 

88 

Ciuicer  of  colon.     Upvmted. 

4 

41 

F 

S.SOO.OOO 

5,800 

45 

Cancer  of  cKCuro  operated  sue- 

cesafiilly. 

5 

SO 

8,'43S.bbb 

6.000 

S3 
40 

Decern  Iwr  7Ui, 

Deci-mberOHi    Polynuclear.  M.« 
per  cent;  lymphocyte^   81.4; 

8.B40.0Q0 

11,700 

40 

Dwember  31al. 

6 

«2 

6.400  ■.£. 

10.000  PC. 

Hcpntlc  Seiure. 

7 

SS 

fi.m 

94 

HepBiic  flexure. 

6  M 

H 

4;ae8.obb 

7,160 

78 

Cancer  of  intestine  (where?). 

e 

88 

7,300 

86 

Sigmoid 

10 

28 

7.2O0 

90 

Recimn. 

n 

its 

7.4O0 

70 

Splenic  Hexure. 

MetnatMes.  primftry  In  sjgmoid. 

Hi-p«tic  flexure.  Polynuctew.  80 

13 

62 

M. 

7,400 

S6 

18 

8.004,000 

7,400  a  e. 

SO 

8,800  p.f. 

per    cent;    lymphocytes.    1»: 

14 

89 

7,500 

IS 

m 

S3 

M. 

8,434,000 
2,440.000 

7.800 
6.800 

Ctucer  of  «ecum.     No  d!ge«ion 

leupocytosis. 

m 

M 

7.800 

m 

50 

8.600 

90 

Rtctum. 

f 

81 

M. 

i.Vi^ooo 

8,800 

CunciT  of  liepatlc  flexure.     Op- 
erated.                                                   _ 
Sigmoid.                                                  M 

1ft 

BS 

9.000 

75 

30 

47 

F. 

9.800 

63 

Cancer  of  cteoum.                               ^H 

21 

8« 

8,604.000 

9,800 

40 

Operated.                                                 ^M 

23 

62 

4,416.000 

10,000 

6S 

HfiMlic  flexure.                                 "■ 

2S 

58 

4.993.000 

10,000 

61 

Descending  colon. 
Rectal.       PotynuclfAr.     78     per 
cent:  lymphocyies,   19.8;    to- 

24 

84 

4,624,000 

10,800 

88 

BinophileH.  3,3. 

2» 

4« 

8.868,000 

It.OOO 

35 

Polynuclear.  68  per  c^nt:  lym- 
phocytes. 38.6;   eoeinophiles, 

36 

SO 

F. 

S,41«,000 

12,000 

Cancer  of  Rcrtum. 

27 

40 

4,872.000 

n.soo 

SO 

Rectum  Willi  meUutaso«io  liver. 

38 

06 

M. 

4.408.000 

13,700 

00 

CaociT  ist  duodenal  papilla  wUh 

29 

18,600 

R(J 

S8 

6,'«i6.oiffl 

18.TO0 

«0 

SI 

58 

15,(X)0 

8S 

Transverse  colon. 

ffj 

S8 

M, 

4.'t»o,bbb 

16.300 

60 

Cancer  of  rectum,     Opemtion. 

:iS 

41 

16.400 

70 

Rectum. 

34 

34 

it 

16.600 

40 

Melaalaaen.  primary  in  sigmoid. 

a-. 

46 

21.600 

80 

Rectal  and  omental. 

»a 

S8 

34.000 

86 

Cancer  of  sigmoid. 

U7 

63 

26,200 

75 

»8 

30 

26.700 

98 

39 

8.760,000 
3.480.000 

15 
15 

Cancer  of  CKCum.    July  leUi. 
July  19ib. 

^^^^^^^^M 

■ 

Hi 

HHIH 

canckr  op  ohentum  and  abdominal  organs.      445               V 

CANCER  OF  OMEWTUM  AND  ABDOMINAL  ORGANS                             | 

OENERALLT.                                                                   ■ 

The 

twenty-three  cases  seen  at  the  Massachusetts  General  Hos-                 H 

pilal  iu 

wliich  cancerous  tissue  was  pretty  generally  distributed                 H 

through  the  abdominal  orgau 

,  all  showed  leucocytosis  with  eight                 ■ 

esPeptio 

ns  (see  Table  CI.) 

1 

Table  CI.— Cawcer  op  Owkstdsi  and  Abdominal  OnoASS  Generally                       1 

A«. 

K 

RedcelU. 

Wblu  cells. 

Perwnl 

Remu-ks. 

1 

£ 

gUMo. 

00 

fT 

Greally 

Markedly 

iocreaaed. 

dimla- 
ished. 

count  of  400  cells ,    Poly..  84.6 
per  cent,    small  lympti..    8. 
urgetympiL,  6:  eoalnopbileB. 
8  6.    Autopsy. 

L       a 

63 

5,440.000 

6,860 

Colon. 

1 

47 

8.073.000 

5,800 

89 

1    ' 

59 

S.4SS!666 

e,0(Ki 

36 

40 

December  Bth.     Poly  .  66  6  per 

■ 

■ 

■ 

8.840.000 

11.700 

40 

December  Slat 

W 

64 

8.512.000 

7.000 

62 

Bladder 

■          6 

48 

u. 

7.a.v) 

6.B00t 
7,800  f 

■■{ 

May  181IL 

May  :;Otb.    No  digestion  leuco 

cvtoals. 

7 

a 

u. 

4,560,000 

7.800 
10.600 

60 

October  18lh.  Poly..  88  percl. : 

lympL..  iO;  eosinophlles,  a 
October  16tb.                                    ^^^H 

8 

67 

7,800  ft.c. 

aioop.c. 

^^H 

0 

47 

8,000 
8,800 

63 

General  In  abdomen.                           ^^ 

10 

70 

8,700 

60 

Oal]  bladder. 

n 

96 

M. 

u.ooo 

IS 

6S 

B,Mb',66o 

10.600 
9.600 

SS 

Pol.v..    84    per   cent;   lympb.. 

10.2^   erwiQophlles.  6.   myelo- 
cytes. 8;  normoblasts.  1. 

18 

40 

M. 

2.908,000 
1.876,000 

11.500 
16.600 

66 

Decembur  13ih.    Periiooeum, 

December  19th. 

December    18tb.      Diff    count 

400ctlU-    Poly,  83  percent; 

lympb..  16:  eosiooplilles.  1 

December   IBtli.     Polyuuclenr. 

80  perceDii  lymphocytes,  20. 
eoefnopbiles,  0. 

u 

65 

H. 

11.700 

15 

44 

18.600 

14.S00 

68 

February  10th. 

February      leih.        Perllooeal 
Autopsy. 

1 

^P^^^4IB              gncuZ PXTBovoar  ow  ram  Kvoov.                       ■ 

^h                        TkBi  B  Pt —/Tiwnrii  or  Omnrrrw   .«n    AnnniiiHkl    nRn*«ii  nmuii  ■  *       | 

(0„f.-««rf). 

i 

APB. 

M 

Ml*. 

glntta. 

B«»rti. 

Adult 

8.773.000 

18.700 

n 

63 

3.S«>,0«0 

14.M0 
7,B00 

60 
TO 

N'ovember    14th.      AbdominaL 
November  93d.     ScootMUrr   In 

liver  aDd  gUtnd*. 
NoTerobw   mh.      DUT.  cwimt 

400  wlU:    Poljr..  TTpcrcMii: 

November   33d.      Polynuclou. 
69.5   piT  wnt;    lymphacylM. 
30;  ,-o9lnoplille9.  &.5, 

te 

38 

4.-> 

Pf.rlu>neal. 

a.09S.UO( 

1H.OO0 

Of) 

Poly..   79    pvt    cent;     Ivmpli.. 

M 

M 

H.OOO.OW 

30.400 

IV) 

Pi.ly,.88percein;  lympli  ,  Irt; 

18.000 

65 

10;   megalxbluU.    3.      Count 

03 

SI 

AHiiII 

F, 

5,500.001 

88.900 

AuUipay. 

48 

K. 

QurBtioDs    or   kncariBUt.       An- 

as 

Adull 

M, 

Qreatly 

In creased. 

Mnrkflly 
diniiii 

iHlU'll. 

niiTwiimiDrsooMiU;   p..it.. 

Wiper  rent;  lymph,.  90. 

CANCER  OP  THE  KIDNEY. 

Of  t«ii  cases  which  I  have  examined  (see  Table  CII.)  eight 
showed  large  leucocyte  counts— viz, ,  12,900, 19,980, 26,000,  27,000, 
28,500,  43,100,  82,000,  and  91,000.  Iti  three  of  these  cases,  how- 
ever, tliL'  tumors  may  have  been  sarcomata,  as  no  roicrosoopical  ex- 
amiiiatioti  was  made.  Most  nf  the  cases  had  fever,  chills,  aod  signs 
of  inflammation,  whicli  may  account  for  part  of  the  leuoooytosis. 
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CANCER  OP  THB  TTERnS. 
Table  ClI.— Canckh  (oh  Sarcoma)  of  Kidne 


i 

5 

i 

BedccUi. 

WUMWlte. 

Pwceol 

KlObln. 

Rcmaim. 

1 

T 
S 

9 
ID 

11 

ia 

2 

• 
ID 

K. 
F. 

T. 

1. 

P. 

WiiiiB 
■400.000 

3Mo.oaa 

9.000  pj^ 

aono 
syno 

«8JI00 
43.100 

n 

tmrcli  lilb.    PnlTDUi'lFir.  71  per  eeDt.;   ijmpbo- 

..■S-a."^"""'' 

blMtl.      J1.110W. 

Von  Limbeck's  '  case  mounted  steadily  from  18,614  tn  80,541. 


CANCEK  OP  THE  UTERUS, 

In  BIX  cases  Hayem '  found  no  inirrease^ttie  counts  ranging  from 
4,575  to  9,500,  with  an  average  of  7,800. 

Rieder,*  on  the  other  hand,  in  a  single  case  found  30,800,  and 
the  seven  cases  counted  at  the  Massachusetts  fieneral  Hospital 
showed  a  leucocytoais  in  five  (see  Table  CIII.). 

There  is  need  of  more  data  on  this  subjeet. 


Table  ClU- 

Canckk 

OF  TnK  Uterls. 

i 

Abb. 

i 

RadceU*. 

imitam. 

memo- 

ItCDUta. 

\ 

4 
S 
6 

8S 
49 

43 

48 
4S 

8.7I6.660 
4.772.000 

6.400 

8.200 
8.200 

8.«00 

11.900 

18,800 

7.400  «.c- 

12.000  p.c. 

35 
43 

70 

Diff.   fount   BOO  pelU:     Poly..    B8 
per    cent;    small    lymph  .    33; 
Urge  lymph,.  8;  eoslnophlles,  1. 

First  day. 
Third  day. 
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Table  CIII.— Carckh  ob  thk  L'tkhvb  (Conliuufa 


i 

•B 

1 

RedcelW. 

twUa. 

Pmwnl 

Wobln. 

.^^ 

7 

i 

1 

48 

61 

81 

as 

F, 
F. 

P. 
F. 

2.696.080 
8,288.000 

2,888,680 

1B.40U 
80.700 
84.000 

22.200 
20.170 

30 
75 

OctOlHT  Mill. 

October  2eih. 

DlS.countDfl.OOOcelU:  Poly..  88 
per  cent;  small  lymph..  U-7; 
eadnopliiles.  0.2;  myelocytes, 
O.I.      Two  normoblasts. 

Ureier  blocked:  anuria  nine  tUva. 
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Pi.El'KA. 

I  Endothelioma.     Autopsy. 


Cancer  of  the  lip  liaa  apparently  beeu  neglected  so  far  as  blood 
esaminatioti  is  concenieiJ.  Hayem,  Rieder,  and  Reinbach  give  but 
one  ease  each,  the  counts  being  respectively  7,000,  11,600,  aiid 
"not  increased."  In  a  single  case  at  the  Massachusetts  General 
Hospital  I  found  6,300. 

The  following  scattered  counts  may  be  added :  Cancer  of  tongtie, 
7,000  (Hayeiu)j  cancer  of  scrotum,  6,700  (Hayem);  cancer  of 
navel,  7,100  (Hayem);  cancer  of  larynx,  7,200  (Hayem),  16,000 
(Reinbach);  cancer  of  pancreas :  Hayem,  2  eases — 9,400  and  9,900; 
Schneider,  1  case— 12,000;  cancer  of  vagina,  9,800  (Rieder>;  can- 
cer of  penis,  7,000  (Hayem);  cancer  of  thyroid,  70,000  (Hayem) 
a  very  rapidly  growing  tumor;  cancer  of  mediastinum,  "  marked  in- 
orease"  (Beuibach);  cancer  of  proatat«,'  10,200. 

Qualitative  Changes  m  the  Leucocytes, 

1.  The  percentage  of  polymorphonuclear  neutrophiles  is  iisiially 
high  in  cases  with  leucocytosis  and  normal  in  those  witliout  it. 

'  Brann  (Wien,  med,  Wocli,.  1808,  p.  583)  menliont.  n  cantrr  of  ilic  pros- 
tate in  which  the  teucocyloBis.  instead  of  being  made  up  mostly  at  polynuclear 
leucocytes,  was  asaot^iated  with  a  large  increase  of  the  small  lymphocytes 
together  with  numerous  eosiaopbilic  myelocytes. 
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This  rule  liolds  for  peiliaps  three-fourths  of  the  cases;  but  there 
aie  many  exceptions  to  it.  For  iustauee,  Taylor '  reports  27,840 
leucocytes  with  66.6  pev  cent  polymorphonuclear  cells,  14,800  leu- 
cocytes with  66.2  per  cent  polymorphonuclear  cells,  25,000  leuco- 
cytes with  58.2  per  cent  polymorphonuclear  cells,  45,000  leucocytes 
with  43.7  per  cent  polymorphonuclear  cells,  the  last  a  marked  lym- 
phocytosis. On  the  other  hand,  he  found  88  7  per  cent  of  poly- 
murphoDuclear  cells  in  a  total  leucocyte  count  of  3,000.  My  own 
experience  and  Cunliffe's  is  similar — i.e.,  88  percent  of  polymorpho- 
nuclear cells  with  a  total  count  of  7,800  leucocytes,  though  I  have 
never  seen  so  marked  a  lymphocytosis  as  was  present  in  Taylor's 
cases.  He  also  noted  a  relative  increase  in  the  large  lymphocytes 
which  my  counts  and  those  of  Ciiuliffe  have  not  shown.  Osier  and 
McCrae  found  an  average  of  81  percent  of  polymorphonuclear  cells 
in  22  cases,  the  higher  percentages  being  in  the  cases  with  highest 
total  leucocyte  count.  These  writers  confirm  the  observation  of 
Taylor  that  the  large  mononuclear  and  ti-ansitional  leucocytes  are 
often  relatively  inereaaed  in  cancerous  disease.  Taylor  found  in  15 
cases  with  leuconytoais  an  average  of  19  3  per  cent  of  these  cells 
and  in  6  cases  without  leuoocytosis  26  per  cent.  Eight  of  these 
cases  were  cancer  of  the  stomach — the  remainder  cancer  of  other 
organs.  All  were  cachectic.  Osier  and  McCrae  in  22  cases  of  gas- 
ti'ic  cancer  record  an  average  of  8.5  per  cent  of  large  mononuclear 
and  transitional  varieties.  They  du  not  agree  with  Taylor  in  be- 
lieving the  excess  of  these  cells  is  sufficient  to  be  of  diagnostic  value. 

Reinbach  found  in  8  cases  with  leucocytoais  89  per  cent  in  2 
cases  and  87,  86,  83,  81,  80,  and  77  per  cent  in  others.  Cunliffe 
(foe.  eit.)  in  86  eases  found  an  average  of  73.4  per  cent  polynn- 
clear.  TJiere  was  marked  lymphocytosis  in  3  cases.  In  the  Massa- 
chusetts General  Hospital  series  the  following  percentages  occurred  r 
When  no  leucocytoais  was  present,  88.7,  88,  86,  79,  66,  62.5,  62, 
60,  57  per  cent,  etc.  With  leucooytosis,  %,  98,  92,  90,  90,  88, 
87.86,84,83,  74  per  cent,  etc.  (see  Tables  XCVI.,  XCIX-,  01., 
.■III.). 

2.  Eoiinophilea  are  not  always  notably  decreased  (as  they  are  in 
many  other  leucocytoses),  nor  are  they  regularly  increased.  In 
Reinbach's  16  cases  the  average  percentage  was  2  -|-  per  cent.  In 
Osier's  22  eases  it  was  1.1  per  cent.  In  Cunliffe's  8G  cases  1.06 
per  cent,  although  6  cases  showed  eosinophiles,  and  the  highest  (9,8 
'Taflor:  lalcrtiat.  Mud.  Mag.,  July,  \W, 
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pttr  cent)  in  cancer  uteri  la  the  Massachusetts  General  Hospinl 
cases  the  average  wns  1  2  [ler  cent,  but  in  7  of  tlie  ^8  cases  in  wfaick 
dilTurential  cuiintM  wcr«i  made  no  eosinopliiles  wew  seen.  Chiis- 
tian  (Am.  Mfd.,  January  24th,  1902)  reports  a  case  of  enormoa 
canceriina  growth  in  tlie  liver  (thirty-three  i>oiiiids  weight).  The 
following  cnunts  were  recorded  nine  months  before  deatit,  and  slio* 
vuirleeil  eosiaophiiia. 


Uvmoglobtn .  TS  pi-r  t'eul. 

Pflljnuclpar.,., 4QSp«rt«ut, 

Lympbocylw 81.5 

Poljnuel^r  (888)  ...  S0.8  per «-i>L 

Lympbocytcs 88.7 

I^rgelvinjiLocytt*  ,,   88.7 
Eosrncphilea 10.5 

3.  Mif'tonytea. — Perhaps  more  coinmoDlj-  than  iii  other  wndi- 
tious  except  leukffiuiia  and  pernicious  an»mia,  we  find  in  maligiiaiit 
disease  small  percentaRcs  of  rayelorytes. 

Atraii):  one-half  of  all  the  ca&es  of  cancer  examined  by  ine  han 
shown  myelocytes.     Cunliffe  noted  them  in  b  cases  out  of  86. 

Epsteiti '  in  a  case  of  cancer  with  metastatic  bone  nodules  noticed 
large  numbers  of  nucleated  corpuscles  (norn)oblasts  and  megalo- 
blasts)  and  myelocytes,  but  I  think  the  association  was  a  mere  coin- 
cidence, since  I  find  that  myelocytes  and  crythrohlasts  are  very  com- 
monly present  in  cachexia  with  anaemia  from  any  cause. 


SAIICOMA. 

In  general  the  effects  of  sarcoma  are  like  those  of  cancer,  but 
worsfi      Tlie  litfiatuie  of  tlie  subject  is  rather  scanty. 

Red  CelU  — Hayem  in  a  case  of  osteosai-coma  counted  the  red 
■cells  at  003,400  per  cubic  millimetre. 

Laker'  describes  an  "abdominal  cystosarcoma "  in  which  two 
counts  of  red  cells  showed  2,800,000  and  2,;"i00,000. 

Von  Liiiil)eck  '  in  1  case  found  1,118,000,  and  in  another  2,240  - 
000.     Hoth  were  osteosarcomata. 


'  Wiener  meil.  PrL-sst.  DiToiiil.or,  1 
'  Wioii.  med.  Wwli.,  1886,  p   026. 


mi. 
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Sadler'  in  3  cases  foimd  2,710,000,  3,637,000,  and  4,r.00,000. 

Riedev'  in  S  eases  (all  osteosareiiniata)  found  1,846,160,  3,700,- 
000,  and  3,995,000. 

Da  Costa  in  14  cases  found  the  red  cells  ranging  from  S, 400,000 
to  2,510,000  with  an  average  of  3,900,000.  The  haemoglobiu  from 
83  to  42  pel'  cent,  averaging  63  per  cent,  and  the  white  cells  from 
7,000  to  40,000,  averaging  13,276.  Only  3  of  his  14  cases  bad  over 
15,000  leucocytes.  CunlifEe,  in  19  cases  affecting  various  organs, 
found  the  highest  count  6, 150,000,  the  lowest  2,240,000,  the  aver- 
age 4,260,000.  The  hajmoglobin  averaged  62  per  cent,  color  index 
0.73.  Normoblasts  were  seen  in  2  cases.  The  lencocyfes  ranged 
from  5,400  to  32,000,  averaging  14,960.  The  iwlynuclears  were 
relatively  increased  in  18  out  of  19  cases.  EosinophJles  increased 
in  2  cases  (6  and  9.4  per  cent). 

The  Massachusetts  General  Hospital  blood  counts  incUide  12 
cases  in  which  the  red  cells  were  counted  (see  Tables  OV  and 
CVl.),  the  average  being  4,500,000,  not  nearly  so  low  as  that  re- 
corded by  other  observers;  still  low  counts  occurred  (2,706,000, 
2,637,000,  3,842,000). 

The  qualitative  changes  in  the  red  cells  consist  (as  in  cancer)  of 
the  "degenerative"  changes  (deformities  in  size  and  shape,  englo- 
bular  changes)  present  in  marked  cases,  and  the  presence  of  nu- 
cleated corpuscles,  when  cachexia  is  marked. 
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Small  tumors  are  often  without  any  effect  on  the  blood  (see 
Table  CVL).  According  to  v.  Limbeck*  this  is  oftener  true  than 
in  cancer. 

Taule  CVI. — Sarcoma  without  Leucocytosis. 
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Sarconm  mediastinum;   metastasis 

of  spine.     Autopsy. 
Sarcoma  of  o\ary. 
Osteosarcoma  of  shoulder, 
f Jver,  secondary. 
Sarcoma  of  testicle. 
Sarcoma  of  lung.    Autopsy 
Ovary. 
Metastatic  liver,  secondary. 

Cutaneous. 

Glands. 

Small  recurrent  sarcoma  of  groin. 

31ultiple  small  round  cell. 

Recurrent. 

Kidney  operated. 

Retroi)eritoneal.     Polynuclear,  66 

per  cent;     lymphocytes,    83.4; 

eosinopliiles,  0.6.    Reds  good 


Hannoglohln, — Reinbach's*  20  cases  ranged  between  23  and  75 
per  cent,  averaging  52  per  cent. 

Hierfreud '  in  29  cases  found  variations  between  40  and  75  per 
cent. 

Von  Limbeck's  2  cases  had  28  and  48  per  cent  respectively. 

Rieder's*  4  cases  showed  at  the  beginning  of  treatment  29,  56, 
57,  and  05  per  cent  respectively,  but  in  1  case  the  haemoglobin  went 
d<nvn  K^'i^diially  while  under  observation  until  it  reached  6  j)er 
oiMit  I  !j,  the  lowest  point,  Riedersays,  that  he  has  ever  seen  in  any 
disease. 

Sadler's  *  cases  showed  33,  45,  and  78  per  cent. 

In  the  16  cases  of  Table  CVI.  in  which  this  point  was  noted,  the 
average  is  59  per  cent. 

On  the  whole,  the  coloring  matter  seems  to  be  more  diminished 
than  in  most  cases  of  cancer. 

Lt'urorf/tf>s. — The  following  tables,  slightly  modified  from  v. 
Limbeck,  show  the  important  points : 

»  Loc.  cit.         «  Loc.  cit.  » Loc.  cit.  *  Loc.  eit.  » Loc.  cit. 
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CANCEn  OF 

OMENTUM   ANP 

\BDOMINAL  ORGANS                                  1 

GENERALLY.                                                                        1 

The 

twenty-three  cases  seen  at  the  Massachusetts  General  Hos-                     | 

pital  iu 

which  cancerous  tissue  was 

pretty  generally  distributed                     1 

throagh  the  abdominal  oigaus,  all  showed  leucocytosis  with  eight                     J 

eiceptions  (see  Tahle  CI.) 

Tabi^  CI.— Casckr  0 

F  Omestuh  and  Abdominal  OnoANe  Generally                          | 

•i 

Redeem. 

White  <«.U. 

PWCMlt 

Kvnuika. 

] 

£ 

glabin. 

BO 

F. 

Greatly 

Murkedlj 

Primary    in     paacreae,      Diff. 

locKUfted. 

ilimlD- 
ishwl. 

couu[i)f400cellH.    Poly.. 645 
per  cent,    amati  lympli.,    8, 
Wgeljinpli.,  5;  eosiDopLllea, 
a.fi,     AuH>psy. 

S3 

5,440.000 

6.850 

Colon, 

47 

0,072.000 

6,800 

63 

i 

S9 

s.as.m 

6,000 

35 
40 

December  9tli,     Poly  ,  85  6  per 

3:  bMophileB.  4. 

8.840,000 

11.700 

40 

December  2lgt. 

S 

M 

8.612,000 

7.000 

62 

Bladder 

1 

40 

H. 

7.2S0 
a.600t 
7,800  f 

::i 

May  181b 

MHy  :!0ili     No  digealion  leuco 
cvlosts, 

1 

4S 
97 

H. 

4,660.000 

7,800 

10.600 

7,800  a.e, 

8, 100  III-. 

9,000 

8.800 

60 
SO 

Gciober  18th,  Poly,  88  per  ct.: 

lymph..  10:  eosiooplilles.  2 
October  leth. 

Ctecum. 

General  In  abdomen 

■ 

u. 

8.700 

CO 

Gall  bladder. 

^M 

V.OOO 

■ 

3.8eb',o6o 

10.600 
9,600 

3S 

Polv..   ft*    per   cent;   lymph., 
cytta.  8;  Donnoblasls.  1. 

u. 

2.308,000 

11.500 

5S 

December  18lb.     Perlloueum. 

^^^^V 

1,878.000 

15.600 

December  19tb. 

December    13lh.      Diff    count 

400cellai    Poly..  88  percent; 
lymph.,  16:  eoeinnpIiileB.  1 

December    19lli.     Polyuuclenr, 

80  per  cent ;  lymphocytes.  20 . 

11.700 

13,600 

68 

February  lOth. 

14,300 

February     18th.       Peritoneal 

m 

k^ 

Aulopay. 

SPECIAL  PATBOLOGT  OF  THE  BLOOD. 


oontiniting  over  JO  for  several  weeks.'     Autopsy  showed  ear- 

uUiua  notlules  in  tb«  boim  uiuirow.     In  luiother  case,  a  tuuior 
lite  abdomen,  the  eoKioophileB  were  lO.S  per  oeut,  and   in  two 
ara  8  per  cent. 
A  case  of  apparent  sarcoma  of  the  aMoniinal  organs  (iio  nutt^ 

at  the  Maflsaohusetts  General  Hospital  in  January,  1896,  had 

per  cent  of  eosinophil's. 
aac.h  cases  should  certainly  lukke  us  think  of  booe  inetastases,     I 

Xeusser  speaks  of  osteosareomata  aa  being  accompanied   by 

iiophilia,  but  the  evidence  is  as  yet  fragmentary. 

A  Myeloeylen. — Reiubaoh's  case  just  described  Itad  a  low  per- 

tgo  of  inyelopyt«9. 

fbe  following  cases  illustrate  the  same  point: 

Case  1.  ia  a  case  of  saroomat^sis  in  a  man  in  wliom  sarootoatous 
let(  were  distributed  all  over  the  internal  organs  and  in  the  skin. 
iffer«ntial  count  of  700  white  cells  sliowed  in  his  case : 


Typical  myelocylw  <oTer  la  (i) 2 

Smnll  niyclocytca  (under  15  u) fi 

Lymphocytes 93 

Pulyuuclear  neulrophilca 70 

Eosinopliiles  . 1 

The  autopsy  showed  no  special  lesions  in  the  spleen,  glauds,  or 

bone  marrow,  except  tliose  due  to  the  sarcomatous  nodules. 

■  Tin;  full  cciiints  arc  as  follows: 


April  4lb.  Xta. 

May  SOtb,  \m. 

Hiemoglobm CUjMTceul. 

«„„...  !  ..„. 

Haraxb. 

Hajasui. 

PerwQt. 
4H 
48 

51 
46 

'.m 

5oT' 
42 
1.5 
.64 

if 

Myelocytes 

.8 
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Case  II. — Sarcoma  of  the  abdominal  wall.     A  differential  count 

of  800  cells  showed : 

Per  cent. 

Polynuclear  neutrophiles. 84. 

Lymphocytes 10.6 

Large  lymphocytes 5. 

Eosinophiles 2 

Myelocytes ..         .3 

Case  III.  No.  5,  Table  CV. — Six  hundred  cells  contained: 

Percent. 

Polynuclear  neutrophiles 71. 

Lymphocytes 16.2 

Eosiuophiles 12.4 

Myelocytes 4 

Summary  of  Blood  Changes  in  Malignant  Disease, 

1.  Small,  slow-growing  tumors  and  the  early  stages  of  all  tu- 
mors may  have  no  effect  on  the  blood  appreciable  by  our  present 
methods  of  examination. 

2  In  advanced  cases  the  red  corpuscles  often  become  thin,  light, 
and  pale,  and  finally  their  number  may  be  greatly  decreased,  the 
counts  running  sometimes  as  low  as  in  pernicious  anaemia.  In  this 
respect,  as  in  others,  sarcomata  seem  to  injure  the  blood  more  than 
cancers. 

3.  The  color  index  is  always  below  1,  but  is  rarely  as  low  as  we 
find  it  in  severe  chlorosis. 

4.  Normoblasts  and  megaloblasts  (the  latter  being  in  the  mi- 
noritv)  may  (x^cur,  the  former  even  in  the  absence  of  severe  anaemia. 
Deformities  in  size  and  shape  are  common. 

5.  Leucocytosis  is  ])resent  in  the  cachectic  end-stages  of  many 
eases,  but  is  frequently  absent  in  small  tumors  of  slow  growth  and 
without  metastases.  The  polymorphonuclear  cells  are  often  rela- 
tively increased. 

G    Fibrin  is  not  increased. 

Diagnostic   Value. 

1  When  we  are  dealing  with  an  obscure,  deep-seated  disease, 
if  hemorrhage  is  excluded,  the  presence  of  persistent  leucocytosis 
suggests  suppuration  or  malignant  disease  (rather  than  tuberculosis 
or  syphilis,  for  example),  and  excludes  any  simply  functional  or 
hysterical  affection.     The  absence  of  leucocytosis,  however,  does  not 
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igaaut  disease,  tliougli  it  makes  suppuration   very  n 

een  inalignajit  disease  and  euppuratioii — if    the  other, 
-iiiptoms  do  not  decide — there  may  be  nothing  in  the 
M'  ■■•"lidti.     Ill  decided  pyemia  we  may  get  [lyogenic  o 
tue      Kxl  by  culture,  but  a  uegatiye  result  would  not  exoludft 
I  rating  focus. 

itc«  of  auy  increase  of  fibrin  in  the  blood  speaks  ag»iatC 

11,  aud  Uierefore  in  favor  of  malignant  diseasei    but  tlia- 

,f  increased  fibrin  network  ■-  not  decisive  cither  way,  as  tt 

ire  met  with  in  connection  with  neoplasms,  though  more  com- 

in  suppuration. 

Between  malignant  disease  and  hemorrhage  a  niurkcd  aiu»- 

vors  the  latter,  provided  the  case  is  a  i-ecent  one;   for  the 

f  malignant  disease  is  comparatively  alow  to  develop.     The 

8  give  no  help. 

,   Dctween  cancer  and  ulcer  of  the  stomach,  if  there  has  been 

ecent  hemorrhage,  leucoeytosis  favorH  eaucer;  but  its  ab»enee 

10  weight  either  way. 
j.ne  hiemoglobiii  is  said  to  decrease  steadily  in  canoer,  while  in 
ulcer  it  tends  to  return  toward  normal  after  the  cessation  of  hemor- 
rhage. 

The  presence  and  persistence  of  digestion  leucoejtosia  speak 
against  cancer,  and  its  absence  in  favor  of  cancer.  It  must  be 
remembered,  however,  that  any  variety  of  catarrh  or  dilatation 
(should  such  be  present)  can  also  prevent  digestion  leucocytosis, 
and  that  the  latter  is  not  invariably  present  even  in  health. 

5.  IJetween  cancer  of  the  liver  or  bile  ducts  on  the  one  hand  and 
simple  gall-stone  colic  or  gall-stone  obstruction  on  the  other,  the 
presence  of  leucocytosis  favors  cancer.  As  usual,  however,  its  ab- 
sence does  not  exclude  cancer,  and  we  must  bear  in  mind  that  gall 
stones  with  cholungitia  may  raise  the  leucocyte  coimt  as  much  as 
cancer.  Simple  cysts  or  echinococcus  cysts  cause  no  leucocytosis, 
nor  does  syphilis  of  the  Hver. 

6.  The  appearance  in  the  blood  of  large  numbers  of  eosinophiles, 
myelocytes,  and  nucleated  corpuscles  during  the  course  of  a  malig- 
nant disease  suggests  a  bone  metastasis. 

7.  When  a  leucocytosis  which  has  disappeared  after  removal  of 
a  neoplasm  veap|>ears,  we  may  expect  recun-ence  of  the  growth 
shortly. 
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8.  A  steadily  iDcreasing  leucocytosis  in  a  case  of  malignant  dis- 
ease points  to  a  rapidly  giowing  tumor  or  to  the  occurrence  of 
met'istasis. 

9.  Between  malignant  disease  and  pernicious  ansBmia,  the  diag- 
nosis rests  on  the  following  points : 

(a)  Color  index  and  volume  index  low  in  malignant,  apt  to  be 
high  in  pernicious  anaemia. 

(b)  Leucocytes  often  increased  in  malignant,  diminished  in 
pernicious  anaemia. 

(c)  Lymphocytes  often  relatively  decreased  in  malignant,  in- 
creased in  pernicious  anaemia. 

((/)  Average  size  of  red  cells  often  decreased  in  malignant,  and 
often  increased  in  pernicious  anaemia. 

(r)  If  nucleated  red  corpuscles  are  present  the  normoblasts  are 
in  a  majority  in  malignant  disease,  and  in  a  minority  in  pernicious 
anaemia. 

10.  The  presence  of  leucocytosis  is  against  the  benignness  of 
any  tumor. 

11.  When  no  actual  increase  of  leucocytes  is  present,  an  in- 
creased percentage  of  the  polymorphonuclear  variety  among  those 
present  may  have  the  same  significance  as  a  leucocytosis. 


CHAPTER  XI. 
BLOOD  PARASITES 


I.  Time  roK  Examination. 

It  is  often  etat«(I  that  the  orgaiusni  is  moet  easil;  found  dnrtng 
the  cbilL  Bnt  this  is  not  the  writer's  eiperienee  Dnring  a  chill 
it  is  often  difficult  and  sometimes  impossible  to  find  the  orguiisius. 
Eight  himn  Ijefore  or  after  a  chill  is  the  most  favorable  time 
(Tltayer),  although  parasites  have  been  found  as  late  as  fortjr-«ight 
boura  after  the  last  chill.  I>uring  the  clull  many  organisms  retii« 
,   to  the  internal  organs. 

The  unintier  of  organisms  variei 
they  are  present  in  every  field  of 
while  ill  others  we  niay  find  only  or 
tient  search.  In  some  cases  of  com 
two  hours  before  finding  a  single  parasit<;.  In  the  majority  of  the 
cases  occurring  Dear  Boston,  it  needs  but  a  few  minutes'  search  to 
find  parasites  if  the  blood  be  taken  within  twelve  hours  before  or 
after  a  chill,  and  provided  no  quinine  has  been  lately  given.  Occa- 
sionally in  mild  cases  the  organisms  are  very  scanty;  and  it  may  be 
almost  impossible  to  find  any.  I  agree  with  Theobald  Smith  and 
Ewing  that  when  the  parasites  are  scarce,  especially  when  they  ar« 
of  the  small  unpigmented  form,  a  prolonged  search  through  fresh 
blood  frequently  proves  negative,  although  a  few  minutes  suffices 
for  tite  discovery  of  one  or  more  minute  parasites  in  the  stained 
Specimen. 

II.   Mbtuod  up  Examination. 
(a)  Ffr»/,  BI.,.mI. 

A  slide  of  fresh  blood  is  pi-epared  as  described  on  pages  6-8 
and  examined  with  a  one-twelfth  immersion  lens.'     Lower  powers 

'  In  cold  weather  both  slide  and  cover  ahoiilil  Ix.-  wArracd  before  uebig.     In- 
deed  this  is  always  well,  as  it  makes  tlie  corpuwles  spread  better. 


t  a  great  deal.  In  some  cases 
a  one- twelfth  immersion  lens, 
,e  after  an  hour  or  more  of  pa- 
a  Ewiii^  had  tu  search  oiw  and 
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should  not  be  used,  although  in  skilful  hands  they  are  ofWn  sufti- 
nient.  Portions  of  tbe  slide  in  which  the  corpuscles  do  not  oveilie 
each  other  should  be  chosen  for  examination.  As  we  pass  the  slide 
along  beneath  the  lens  it  is  well  to  be  on  the  lookout  for  any  jt^- 
rinlly  lai-'je  OF  Specially  pale  coipiisole.  Such  a  one  will  catch  the  eye 
if  we  are  on  the  watflh  for  it,  even  though  the  slide  is  being  passed 
along  very  rapidly,  ami  al!  such  should  be  carefully  examined. 

Another  thing  to  watch  for  is  anything  black  or  dark  dromi.  If 
the  slide  is  not  perfectly  clean,  or  if  the  cover  glass  has  touched  the 
skin  in  collecting  the  blood,  there  will  often  be  black  spots  winch 
make  us  pull  up  short  and  exanihic,  only  to  find  that  they  are  bits 
of  dirt.  This  loses  time,  and  hence,  as  above  noted,  the  importance 
of  care  and  cleanliness  in  the  earlier  stages  of  the  process. 

Iteaides  any  strikingly  pale  or  swollen  corpuscle  or  any  black 
dots,  we  should  be  on  the  lookout  for  any  mtirenients  in  the  field 
The  movements  of  MuUer's  "  blood-dust "  (see  page  58)  are  often 
mistaken  by  beginnei-s  for  those  of  tbe  malarial  organism  Their 
greatly  smaller  size  ami  ex  tracer  puscular  position  serve  to  distin- 
guish them  in  most  cases.  I  have  sometimes  thought  I  saw  pig- 
ment in  these  bodies.  If,  as  Stokes  believes,  the  "  blo(Ml-dust "  Is 
derived  from  the  leucocytes,  it  is  possible  that  they  might  carry  out 
with  them  some  pigment  ingested  by  the  leucocyte 

FlagAlate  bodies  may  be  studied  in  fresh  specimens,  if  ptssible, 
on  a  warm  stage.  Usually  they  appear  only  after  the  lapse  of  from 
ten  to  twenty  minutes  from  the  larger  tertian  or  ovoid  eestivo-autum- 
nal  organisms.  The  addition  of  a  little  water  or  salt  solution  may 
facilitate  the  escape, of  the  parasite  from  the  red  cell  and  tlie  forma- 
tion of  Ha  gel  la. 

Ewing  finds  that  a  moist  chamber  may  Iw  secured  in  a  Petri 
dish  with  tightly  fitting  vaselined  cover.  Wet  blotting-paper  placed 
in  the  dish  furnishes  the  necessary  moisture.  Specimens  spread  on 
slides  or  covers  may  be  kept  moist  for  ten  to  twenty  minutes  in 
such  dishes,  and  flagellation  proceeds  with  moderate  rapidity 

A  simple  method  is  as  follows:  Cut  an  opening  one-half  by  one 
inch  in  a  piece  of  thick  blotting-paper  and  moisten  the  papei-  ni 
hot  water.  Spread  two  glass  slides  rather  thickly  with  fresh  blood, 
lay  the  blotting-paper  on  one  slide,  cover  the  cut  opening  by  the 
other,  specimen  side  down,  and  slip  a  rubber  band  about  both. 
After  fifteen  or  twenty  minutes  the  slidi'S  and  paper  may  be  sepa- 
rated and  the  two  specimens  dried. 
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ItUarial  Oryaaijim. ^It  practitally  U  never  to  be  see 
le  tbe  eorpawlc.  Must  malarial  organiBius  atv  to  be  fouod 
e  eorpuacle,  and  onlff  thrrt.' 

For  tlioM  wlio  Iiavc  n<jt  examined  many  specimens  of  nialaml 

mmI  it  IB  a  very  difflcult  thiug  to  find  tlie  urganism  iii  tbe 

^-Hgt-H  of  its  growth,  and  the  Dumber  of  miatakes  in  diagitoeia  it 

'ety  lar^.     I  always  look  with  great  suspicion  on  any  report 

nfllariiil  Wood  Rs  eoutaiuing  oul^  "  hyaline  forms  *'  la  fresh  specie 

lu  t.lie  later  stages,  when  the  organism  haa  become  well  pig* 
Dented,  there  is  notliiug  that  at  all  resembles  it,  and  those  wl 
«Te  seen  and  watched  it  a  few  times  can  hardly  mistake  aiiythiif 
slse  for  it.     Not  so  with  the  so-called  "  hyaline  "  or  youngest  fora 

tlie  organism.  Personally  I  think  the  name  "hyaline  bodies 
IS  responsible  for  n  part  of  the  mistakes.  We  are  led  to  expect 
loraething  more  shiny  and  refractile  than  the  organism  really  is, 
^nd  80  are  misled  by  thi?  lirilliant  white  circles  to  be  found  at  the 
centre  of  many  normal  corpuscles  under  certain  conditions  of  light 
md  partial  drying  up.  Time  and  again  X  have  been  asked  to  look 
at  malarial  organisms  (always  the  "hyaline"  forms),  and  found 
nothing  more  than  one  of  these  effects  of  light  which  can  be  found 
in  any  normal  blood,  if  the  conditions  are  right. 

As  soon  as  the  organism  gets  any  pigment  (and  there  are  very 
few  times  in  the  cycle  of  a  malarial  case  when  there  are  not  tomt 
pigmented  organisms  present),  the  active  rapid  motion  of  the  black 
pigment  dots  is  unlike  anything  else  seen  in  the  blood,  and  when 
once  recognized  can  never  be  forgotten  or  mistaken.  It  is  only 
when  the  pigment  has  ceased  moving  (owing  to  the  death  of  the 
organism)  that  the  differentiation  between  dirt  and  malarial  pig- 
ment becomes  difficult. 

Almost  all  stages  of  the  growth  of  the  plasmodiura  which  we 
can  watch  in  the  blood  drawn  from  tlie  peripheral  circulation  take 
place  within  the  corpuscle.  It  is  true  that  as  the  pigmented  organ- 
ism gets  towai-d  its  full  growth,  and  l)efore  the  granules  have  be- 
gun to  gather  at  the  centre,  we  may  find  it  very  difficult  to  see  any 
trace  of  corpuscle  substjiHco  around  the  mai^in  of  the  Plasmodium. 
Souietinies  we  see  a  ring  of  non-pigniented  glistening  white  sub- 
stance outside  the  moving  black  dots  (see  Fig.  2,  7,  Plate  I.)  stand- 

'  Except  dL'gf-niTiut'  forms,  free  fiagelln;,  aud  spores  at  the 
lui'iitftlion  (rarely  to  be  scfu).     Crescents  aad  ovoid  bodies  are 
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MALARIAL  PABASITZB. 


•■  phixina.     This  1  sujipose  to  be  tlie 
1  not  ilesciibed  or  pictured  iti  the 


ing  out  li'jhl  iiyalnst  i/ic  darl-i-i 
remains  of  tlie  corpuscle.  It  i 
standard  wovka  on  the  subject. 

Occnsioiially  we  Jo  find  pigmented  bodies  wholly  outside  the 
corpuscle,  either  partly  or  fnlly  grown.  In  the  intra  corpuscular 
forms  the  diatiniTlion  between  plasmodinni  and  corpuscle  substance 


,>Z^ 


r^ 
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is  not,  I  think,  so  sharp  and  clear  as  one  would  be  led  to  expect 
from  the  plat«3  in  standard  works,  With  avei-age  eyes  and  lenses 
the  outline  of  the  oi^anism,  as  distinguished  liotli  from  its  pigment 
granules  and  the  sui-rounding  corpuscle,  is  nut  easy  to  see. 

But  all  these  difficulties  as  well  as  those  about  recognizing  the 
"hyaline  forms"  on  which  I  expatiated  in  earlier  editions  of  this 
book,  bnve  now  been  aliolished  for  me,  and  should  be  for  all  stu- 
dents of  malarial  blood,  by  the  introduction  of  a  simple,  quick,  and 
reliable  method  of  getting  the  Boniauowsky  stain.  I  refer  to  Leish- 
man's  stain  as  modified  by  Wright  fsee  page  41).  For  diagnos- 
tic purposes  I  never  use  the  fresh  blood  now,  and  I  ain  convinced 
that  by  using  the  stained  film  specimen  In  every  case  I  recognize 
cases  of  malaria  that  used  to  escape  me  before.  For  purposes  of 
study  the  fi-esh  blood  is  important — but  not,  in  my  opinion,  for 
diagnosis.  The  method  uf  staining  is  precisely  that  used  for  ordi- 
nary differential  leucocyte  counts  and  has  been  already  described. 

(ft)  Ap2ifai'(ntre  of  Stniiml  S/iecimetii, 

For  the  main  points  the  reader  is  referred  to  Plates  I  and  G, 
and  the  descripUons  accompanying  them;  some  additional  details 
are  here  added. 

The  ymmyeet  form  of  the  tertian  parasite  seen  in  the  red  cell  is 

identical  in  appearance  with  tlte  tjiore  of  the  parent  rosette.     It  is 

a  compact  spheroidal,  or  slightly  oval,  or  irregular  body,  about  2  n 

in  diameter.     It  shows  an  outer  rim  of  basophilic  protoplasm  en- 

80 


SPECIAL  PATHOUM3T  Of  THK  BUIOO. 

^  »  (ingle  large  nuclear  Utdy,  which  is  nchroinic  to  metfajrieni 

I,         staiita  readily  in  htemutoxyloii  or  hjr  Kocht's  inotliocl, 

di  IS  usually  enclosed  or  aroompaiiied  by  acleur  iicliromituc>ub< 

.uce,  teiined  by  Gautier  "the  milky  zone." 

In  tlie  fresh  condition  these  l>odics  are  iioticenbly  rvfrnctin^-. 

f*     Uy  the  iiucleug,  ohaugo  their  jiositiou  liut  rarely  their  shapa^, 

nvo  never  pigmented. 

The  ijoHiiifest  tertian  rintj :    Within  a  few  hours  after  the  cJiilL 

>  [luriLstte  \»  uaunlly  found  t«  have  assunied  a  Butuewliat  cluuws. 

■istic  ling  shape.     These  bodi'"'  "^easuru  from  3-4  n  in  cliauieier, 

i  tliere  ia  nut  much  inrifane  in  ..  Ik  fov  six  or  ei^lit  liuurs.     Tha' 

tian  ring  is  rarely  as  gfometric-Hl  or  iklieate  as  the  lestis-o-antuj*^ 

I  signet  Hug.     The  nuclear  tmdy  of  the  terliaii  liog   is  its  inoA 

racteristic   feature,   appearing  as   a   rallicr  lai'ge,   aoht'omatic^ 

ly  refractive  Ixxly,  after  methylene  blue,  but  staining  intciisetf 

iiinsoii  with  Leishnian'a  stain. 

CovipnrUim  of  the    Triiian  and  jEttivo-atitHmniil   lUn-ft. 

I  abstiaot  here  Ewing's  admirable  deaeription:  { 

1.  The  shape  and  contour  of  the  tertian  ring  is  usually  coarse  and 
irregular,  but  the  lestivo-aittuwnal  Hug  ia  geometrieally  cireulai, 
more  delicate,  with  extremely  fine  bow,  and  usually  with  a  typical 
signet-like  swelling. 

2.  One  or  two  grains  of  pigment  are  almost  invariably  found  in 
the  early  tertian  ring,  but  are  with  nearly  equal  constancy  absent 
from  the  Eestivo-autumnal  signet  ring. 

3.  The  tertian  ring  is  usually  pigmented  before  the  chromatin 
becomes  subdivided,  while  the  chromatin  of  the  sestivo- autumnal 
ring  is  always  sabdivided  l)efore  the  appearance  of  pigment. 

4.  The  infected  cell  is  usually  swollen  from  the  tnoment  of 
infection  by  the  tertian  spore,  and  ounmonly  shmnken  when  har- 
boring the  wstivo-aulunuial  ring. 

Tin:  Tertian  ParnaUc — Later  Stages. 

Larije  tertian  rings:  After  a  period  of  si.^t  to  eight  hours  the 
ring  is  usually  found  to  have  developed  an  outgrowth  which  is 
actively  ani<eboid  in  the  fresh  condition  and  appears  in  stained 
specimens  as  a  tongue-like  protnision  or  tur ten-shaped  mass  at- 
tached to  one  segment  of  the  ring.     The  nuclear  body  meanwhile 


STAINED  AS  IN  PLATES  V.  AND  \ 


» 
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tbin  rt.msitu.    i)nli!lnw,ibli»>.l-iilau»..iin-                 tioursnld.    Tm- dmiiiiBiln,  In  lUe  tonn 
to  tmi  upper  IhK  amuti  at  the  puarile. 
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Fib.  ik— Sumi-uitng.  t 


Piri  il,  -Tpniati  PBrBBHP  )|W  bplorp  t*^ 
infnuOon.  The  ctmnnatln  idark  o»»l 
niuwsl  It  disulbuted  Utroiuboui  Ibp 
panslie,  Ttie  pigment  (muilldr  dark 
l>u)DM)lacoltntedtunu>UiB<st^<A>3iib 
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increases  slightly  in  size,  projecting  into  the  ring,  and  the  chromatin 
divides  into  several  large  granules. 

At  this  period  occurs  the  greatest  amoeboid  activity  of  the  para- 
site, and  in  some  severe  infections  the  organism  may  be  found  fixed 
in  the  lieight  of  its  amoeboid  excursions.  There  the  ring  persists, 
but  the  body  of  the  parasite  is  strung  out  into  a  number  of  slender 
threads  with  nodal  thickenings. 

Tertian  spheroidal  bodies :  During  the  second  quarter  of  the 
cycle,  tlie  body  and  nucleus  of  the  parasite  develop  rapidly  in  size, 
anueboid  motion  and  figures  gradually  diminish,  and  pigment  is 
abundantly  deposited  in  the  form  of  dark  brown  or  yellowish  grains, 
showing  in  the  fresh  state  active  vibratory  motion.  The  cell  in- 
cn'ases  in  size  and  its  haemoglobin  diminishes.  Toward  the  end  of 
twenty- four  hours  or  possibly  somewhat  later,  the  parasite  occupies 
tlirec-fourths  of  the  swollen  cell,  in  the  form  of  a  spheroidal  or 
elliptical,  homogeneous  body,  the  outer  portion  of  which  contains 
most  of  the  pigment. 

FuU'fjroirn  tertian  2)arasite :  The  third  quarter  of  the  cycle  is 
occu[)ied  l)y  the  continued  growth  of  the  parasite  in  the  form  of  a 
large  homogeneous,  richly  pigmented  body,  which  finally  occupies 
at  least  four-fifths  of  the  swollen  cell. 

Fresegmentinfj  bodies  usually  begin  to  appear  in  the  blood  eight 
to  ten  hours  before  the  chill.  The  pigment  is  gathered  in  a  reduced 
number  of  coarse  grains  or  spindles  which  lie  in  the  body  of  the 
l)arasite,  in  a  position  determined  by  that  of  the  new  multiple 
nuclei  (crimson  stained). 

Tertian  rosettes  are  usually  seen  in  the  circulation  three  or  four 
hours  before  the  chill,  most  abundantly  just  before  the  chill,  rapidly 
disappearing  after  the  chill. 

The  yEstiro-autumnal  Parasite, 

The  earliest  form  of  the  a'stivo-autunnial  parasite  is  usually  to 
be  distinguished  from  the  tertian  by  the  shrinkage  of  the  cell,  and 
by  its  low  refractive  index;  it  is  never  pigmented. 

The  asti CO' autumnal  signet  ring  is  a  very  characteristic  shape  as- 
sumed by  the  parasite  at  a  very  early  period.  It  is  noted  that  in  some 
cases  the  rings  fail  to  exhibit  this  thickening  but  remain  of  a  uni- 
form but  very  fine  calibre  throughout.  Multiple  infection  with  the 
young  rings  is  very  common;  three  parasites  are  often  found  in  the 
same  red  cell,  and  occasionally  four.     The  signet- ring  forms  fre- 
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queotly  reacli  a  diaiaeter  of  4  /i ;  beyond  this  size,  wbeu  persist! 
Ill  the  jieiipheral  blooti,  the  growth  of  the  parasite  produces  i 
iiregiiliir  body  in  which  the  outline  of  the  ling  becomes  more  o 
obscure.  The  full  development  of  the  large  siguet  rings  appears 
require  about  twenty-four  hours.  In  the  inajonty  of  cases  tiie  r 
fornix  seen  in  the  peripheral  blood  fail  to  show  any  trace  of  pigmei 

The  later  forms  ufthe  ffstifo-aitlumnal  parasite  are  rather  r 
seen  in  the  peripheral  circulation. 

The  ereacnitic  bodies  :  On  the  tonrtli  lo  sixth  days  of  any  Ijot  U 
tial  paroxysms  of  the  festivoantumiial  infeotion  the  iienplieral  b 
may  contain  red  cells  infected  by  spheroidal,  ovnl,  elliptical,  i 
small  crescentic  bodies  which  represent  the  early  forms  of  the  sexv 
cycle  of  the  parasite.  The  relation  of  these  forms  to  tbe  yooi 
amceba  ia  not  clear.  A  i-eninant  of  hsinogloblu  surrouucls  tbe  era 
cent.  The  monihroiie  or  tliickeued  outer  Ixirder  of  the  red  oellj 
closely  applied  about  the  convex  side  of  the  blue-staiiied  v. 
while  across  the  concavity  it  stretches  loosely  like  a  baiter. 

In  the  centre  of  the  crescent  is  a  sliarply  marked,  light-btl 
staining  or  achromatic  area  of  variable  size,  containing  tbe  pin] 
stained  chromatin,  and  usually  also  the  pigment. 

The  long  persistence  of  crescents  in  the  blood  and  their  r 
ance  to  quinine  are  matters  of  common  clinical  observatiou. 

The  Quartan  Parumte. 

I  have  never  seen  a  live  parasite  of  this  type.  The  nocompan] 
ing  drawings  (see  Plate  D)  ai-e  fi-oin  a  case  of  triple  quartan  infee 
tion,  the  specimen  being  kindly  loaned  nie  by  Dr.  Fut^-her  of  balli^ 
more,  I  shall  attempt  no  description  beyond  that  accompanjiiw 
the  plate. 

Dr.  J.  H.  Wnght  has  kindly  permitted  the  use  of  the  aocomttj 
nying  photographs  of  the  malarial  parasites  (see  Plates  V.,  Vl 
VII.,  VIII.,  and  IX.). 

Flagellate  liodie» :  When  blood  containing  crescents  is  alloi 
to  stAud  in  the  air  or  under  a  cover  glass  for  a  few  moments  s( 
of  the  crescents  slowly  assume  the  spheroidal  form,  active  vibraMi 
oscillations  of  pigment  granules  begin,  and  soon,  from  one  or  [ 
points,   pseudopodia   shoot  out   with   active    lashing   inovemeat 
These  flagella  continue  their  movements  for  some  time,  ehangi 
their  position  actively,  their  shape  slowly,  while  some  may  be  set 
to  break  off  from  the  body  and  swim  off  through  the  plasma. 
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Titrtliin  fagfllate  hodksiU- 
blop  from  tlie  fuU-giown  ter- 
n  parasites  iii  nmcli  the  same 
from  the  ci-esceiits. 
tnartan  parasites  develop  fla- 
|ellate  bodies  very  similar  iu 
jearaiice  to  those  of  the 
IBtivo- autumnal  type.  Tiio 
Iftgells  aie  about  two  or  tliree 
mes  as  long  as  a  red  corpuscle 
[bd  one-sixth  or  oue-eightU  as 
Sometimes  there  is  pig- 
keut  dotted  aloug  the  flageUuiJi 
lelf,  and  then  we  can  make  it 
easily.  Its  distal  end 
especially  apt  to  be  pig- 
inted,  and  by  the  help  of  this 
igment  we  make  out  that  it  is 
Hilboua,  while  Bimilar  swell- 
i  can  sometimes  be  seen  at 
other  iioints  along  the  flagellum 
(see  Fig.  33).  As  the  pig- 
ment«d  end  Is  sometimes  all 
that  we  can  see  of  it,  this  gives 
rise  to  the  appeai-ance  of  a  very 
sniali,  aetivfly  locomotive  pig- 
mented body  free  among  the 
corpuscles,  and  its  course  may 
be  followed  through  several 
fields. 

When  the  flageJla  have 
ceased  moving,  their  pn^sence 
is  generally  detected,  if  at  ali, 
by  an  irregular  line  of  pigment 
dots  alxjut  20  ,u  long,  which  will 
be  shown  by  careful  focussing 
lo  be  contained  witliiii  a  nearly 
transparent  mendirane. 

Very  often  we  tind  a  leuco- 
cyte in  process  of  closing  round 
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•  tlugL-H  .t«d  parasite.  Mniiaoti  liiiH  lately  sucoipeded  in  rtteining  tbs 
lagflla?  k1  the  accompanying  pljutcgi-aplis  are  fruiu  his  guuoed 
ipecimej 

I  ik'd  Ifucocytes,  coiituiiiiiig  the  whole  or  part  of  tnalaiiil 

Drgniu:-.ji    or  simpiy  bWlu  or  grauuks  of  black  pJgiDPUt,  arc  usn- 
M"  'j  I*  rouiu)  in  the  hlood  uear  the  time  of  the  cltill.      Tin;  pig- 
1m  carefully  distinguished  frain  the  grauules   pre^ui  in 
iiosi  wytes,  which  in  I'ertain  lights  look  quite  ilark  eveu  if  un- 

.tainci  ,1'k  enough  to  he  mistaken  for  pigment  by  the  uotisiued 
eye.  l.  *■■'  * — — ■■'"  — ■"  "'unging  the  light  will  easily  det«3- 
mine  whi  ^  tiui,  provided  we  are  faniilini-  with  the 

appeamncfcc  onytes  in  the  fi-esh  unstained  blood.      In  certain 

forms  of  the  difK^ase  in  which  thi;  organisms  themaeK-t^s  retina  to 
the  internal  organs,  the  presence  of  pigmented  leucocytes  may  be 
the  only  evidence  of  the  diseiise  to  l>e  found  in  the  perijiheral  {Aoai 
and  19  therefore  of  the  greatest  importance. 

How  lung  after  a  chill  th«  orgimiiinis  may  still  Iw  found  in  the 
peripheral  bhjod  ia  difficult  to  decide,  but  certainly  tliey  can  be 
fouud  any  time  within  twfiity.fnur  limii-s  after  the  lust  chill,  unless 
quinine  has  been  given,  aud  siiuu'tiuK'?^  cvi'u  if  it  has  Ihm-h  given. 

I  have  not  att«mpted  to  discuss  the  interpretation  of  the  differ- 
ent forms  now  believed  to  be  sexual,  or  of  the  so-called  "  conjugat- 
ing cycle  "  of  the  tertian  parasite.  I  have  also  excluded  all  descrip- 
tion (if  the  life  of  malarial  parasites  in  the  mosquito  and  of  their 
trans nii.ssiun  by  this  insect  to  human  Icings.  These  tempting  sul>- 
jects  arc  necessarily  exclnded  by  the  jilan  of  this  book  as  a  clinical 
treatise  for  diagnostic  purposes. 

OtHKK  CilAXGES    IX    THE   UlOOD. 

Jtnl  Corpuscli-s. — The  following  is  from  Thayer's  monogi-aph: 
"A  reduction  in  red  corpuscles  follows  each  paroxysm;  these 
reductions  are  more  marked  after  the  early  paroxysms  than  after 
those  occTirring  later.  Wlien  a  certain  degree  of  anseniia  has  l>een 
reached  tlie  losses  jier  paroxysm  are  much  less.  When  the  number 
of  corpuscles  is  reduced  to  2,000,000  or  1,000,000  there  is  little 
tendency  towanl  a  further  fall;  sometimes  there  may  be  slight  rises 
in  tJie  curve  between  the  pam.xysms;  often,  liowever,  the  number 
of  corpuscles  remains  stationary  for  weeks.  In  pernicious  cases 
the  numlier  of  corpuscles  may  fall  l)etween  paroxysms,"  Kelsch 
has  seen  the  count  decrease  to  as  small  number  as  583,000  per  cubic 


PLATE  D. 
Fi«.  1.— Tlic  QiiarUn  ParaslW. 

a,  a,  a.  i-ti'..  Yuutif^eHL  fomis, 

b,  b  and  •;.  IT,  Malurer  formn. 
ri,  it,  PrescgnicD  [ing  rnmis, 

t.  Begmentlng  paraeiiu  (note  tbe  siuall  ouiiiber  of  segmeuts  cotU' 
p*rprl  wiUi  ttiu  corregpoodiDg  stage  ot  Ibe  tertliiD  parasite). 

Plgtnciit  aiiil  chrotnaliD  ajv  more  acnttoretl  tlun  in  Uiu  other  forms  of  loa- 
larial  parasite.    Th(^  iafecieil  red  tell  is  not  enlarged. 
Fig.  2.— Til.!  .+:siivo.Autiirrmiil  PHrasilc, 
I,  2,  3,  ^,  Early  ring  fonns. 
5,  G,  S,  Maturer  forma. 
7,  Elongated  form  (transition  to  crescent?). 
*.  II,  Crescenta. 
10,  IS.  IS,  u.  15,  Ovoids. 
TLeae  are  the  only  forma  found  in  perlplieral  blood.    SegmeDtiag  bodies 
occur  In  internal  organs. 
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millimetre.  The  diminution  is  greater  the  longer  the  disease  lasts 
and  the  more  intense  its  manifestations  are. 

During  the  paroxysms,  particularly  the  earlier  ones,  the  red  cells 
tend  to  increase  in  number.  In  tertian  and  quartan  fevers  there  is 
a  rapid  and  almost  complete  restitution  of  the  corpuscles  during  the 
afebrile  period. 

In  Ewing's  Montauk  series,  there  were  "no  less  than  nineteen 
cases  in  which  the  changes  of  the  progressive  pernicious  type  had 
been  established  in  a  period  not  longer  than  ten  weeks.  .  .  . 
There  can  be  no  doubt  that  the  tendency  of  the  sestivo-autumnal 
parasite  is  to  be  massed  in  the  bone  marrow.  The  excessive  de- 
mands on  red-cell  production  render  pernicious  malaria  an  extremely 
favorable  condition  for  this  disturbance  of  the  maiTOW  and  specific 
megaloblastic  changes." 

In  sestivo-autumnal  fevefs  the  number  of  red  cells  is  in  inverse 
relation  to  the  number  of  young  parasites,  but  crescentic  bodies 
seem  to  have  no  influence  on  the  number  of  red  cells. 

Bignami  and  Dionisi  distinguish  three  types  of  post-malarial 
anaemia : 

1.  Ordinary  secondary  anaemia,  with  leucopenia;  such  cases  usu- 
ally end  in  recovery. 

2.  Anaemia  practically  identical  with  pernicious  anaemia,  megalo- 
blasts  being  present,  and  ending  fatally. 

.3.  Anaemias  which  are  progressive,  because  the  bone  marrow 
cannot  coniponsate  for  the  losses  of  corpuscles. 

The  rai)%lity  of  the  diminution  in  red  cells  may  be  very  great. 
Kelsclrs  count  of  583,000  cells  per  cubic  millimetre,  mentioned 
above,  was  after  thirty  days'  illness.  Grawitz  has  seen  a  loss  of 
4,000,000  cells  in  six  days. 

Qualitative  changes  are  those  of  severe  secondary  anaemia,  anom- 
alies of  staining  reaction,  deformities  in  size  and  shape,  normo- 
blasts, occasional  megaloblasts  in  the  worst  cases,  motility  in  the 
"  pale,  ghostly  ''  cells. 

Ilipmo'jlobin. — The  loss  of  haemoglobin  bears  usually  a  direct  re- 
lation to  the  number  of  parasites  in  the  blood.  As  a  rule,  the  cor- 
puscles and  luenioglobin  are  diminished  proportionally  (color  index 
=  1),  but  sometimes  the  haemoglobin  is  reduced  disproportionately. 
On  the  other  haiul  Delaney  *  has  often  found  the  color  index  above 
normal. 

'  Delaney:  Brit.  Med.  Jour.,  March  28th,  1908. 
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In  convalescence  the  lestitution  of  hsemoglobm  is  often  i 
plete;   persona  iiviiig  in  uialnnAl  ilbtrict-t  Iiiive  often   a   slightly 
smaller  peroeutagu  of  hsemuglubiii  titan  those  living  elsewhere. 

The  rapid  diminution  in  the  red  cells  is  a  valuable  point  io  d 
ferential  diagnosis  between  malaria  and  typhoid  or  pneutnoDia. 

White  CelU. — The  number  of  leucocytes  is  usually  subnorma!^ 
but  a  slight  increase  is  shown  at  the  beginning  of  the  paroxysm 
Following  this  increase  there  is  a  rapid  decrease  oontiuuiug  tijit 
out  the  paroxysm.  The  smallest  number  of  leucocytes  is  to  be  a 
at  the  end  of  the  paroxysm  when  the  temperature  is  snlmonaal 
From  this  time  it  shows  a  gradual  increase  until  the  begiiuiitig  d 
the  next  attack  (Billuigs). 

In  a  general  way  the  white  cells  follow  tlie  same  courae  as  d 
the  red. 

The  differential  count  shows  a  relative  lymphocytosis  whenevc 
the  white  cells  are  subnormal,  the  larger  forms  of  lymphocyte*  h 
especially  numerous,  while  the  polymorphonuclear  cells  iind  eoai 
philes  are  scanty.     Great  stress  has  lately  Iwen   laid   by  sen 
Knglish  obaervers  upon  an  increase  in  the  percentage  of  Inrge  nia 
nuclear  cells  (large  lymphocytes)  in  malaria  as  a  point  of  iliffei 
tial  diagnostic  value  between  malaria  and  other  fevers- 
typhoid.     Stephens  and  Christopher,'  Turck,'  Rogers,*  Melland^ 
Delaney,'  and  others  have  substantially  agreed  in  their 
They  sute  that : 

1.  In  malaria  (between  paroxysms)  the  leucocytes  are  often  b 
low  2,000j  in  typhoid  rarely  so. 

2.  In  malaria  the  large  mononuclear  forms  are  frequently  be- 
tween 12  and  30  per  cent.     In  typhoid  between  2  and  C  per  cent. 

3.  Ill  malaria  the  small  lymphocytes  are  not  increased,  while  in 
typhoid  they  are  often  40  per  cent  or  more, 

4.  In  malaria  myelocytes  and  stimulation  forms  are  often  pieseuk 
(1  to  5  per  cent);  in  typhoid  rarely.  (These  conclusions  refer  toaaid 
hold  good  for  the  blood  of  adults  only.) 

In  the  severer  sestivo- autumnal  paroxysms  Kelsch  found  that 
the  increase  in  the  total  count  of  leucocytes  was  often   tine  to  & 

'  SUpbeua  and  Cbriatoplier:  Malurla  Coramisglou  of  ttnyel  Society,  (Mt 
port,  1901. 

'Tllrch:  Zioe.  eit,  '  Rogers:  Brit.  Mill.  Jour.,  April  Bth,  1903. 

'Melland:  Ibidem,  September  2 Tth.  1002. 
'Delany;  BHt.  Med.  Juur.,  March  28tb,  1903 
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marked  lymphocytosis;  this  was  also  observed  by  Ewing.  The  ex- 
tent of  the  leucocytosis  varies  between  10,000  and  35,000  cells,  the 
latter  having  been  observed  by  Kelsch  shortly  before  death  in  a 
comatose  patient.  In  similar  cases,  often  comatose,  Delaney  (Joe. 
cit.)  has  seen  leucocytosis  of  38,000  and  14,300,  and  Manson  records 
30,000  in  some  "  pernicious  "  cases. 

Ziemann  (Deut.  med,  Woch,,  November  22d,  1900)  has  recently 
made  the  interesting  observation  that  in  cases  of  malarial  infection 
occurring  in  negroes  with  spontaneous  recovery,  a  marked  leucocy- 
tosis may  occur.  Iii  the  summer  of  1902  two  cases  presenting  ex- 
actly these  conditions  came  under  my  observation;  the  fever  was 
of  the  tertian  type  with  abundant  and  characteristic  parasites,  the 
leucocytes  ranged  between  19,000  and  25,000  for  twenty-four  hours. 
No  other  disease  could  be  found  to  account  for  it.  No  quinine  was 
given  and  spontaneous  recovery  followed. 

In  post-malarial  anaemia  Billings,  Thayer,  and  Da  Costa  have 
found  quite  marked  leucocytosis. 

Grawitz  and  others  have  noticed  an  increase  of  eosinophils  in 
post-malarial  anaemia.  I  have  frequently  found  small  percentages 
of  myelocytes,  three  per  cent  being  the  highest  in  my  experience . 

MALARIAL  HiEMOGLOBIN.EML^. 

During  the  paroxysms  of  this  form  of  the  disease,  the  number  of 
the  red  cells  is  much  diminished,  rouleaux  are  not  formed,  marked 
poikilocytosis  with  nucleated  forms  is  observed.  The  leucocytes 
are  increased.  The  regeneration  is  very  swift,  from  twenty-four  to 
forty-eight  hours  being  usually  sufficient  to  re-establish  normal  con- 
ditions. 

Typhoid  Fever  and  Malaria. 

"  After  the  first  week  when  the  typhoid  fever  has  become  fully 
established,  active  sporulation  of  malarial  parasites  is  extremely 
rare  "  (Ewing). 


CHAPTER   XII. 

DISEASES   DUE   TO   AUTIMAL   PARASITES. 

FILARIASIS. 

AiTHoufiH  iiinat  coiiimonlj  found  in  tropical  countries,  one  8]>e- 
cies  '>f  the  Kliiriii  sanguinis  hntnitiis  is  not  veiy  uncommonly  found 
in  various  parts  of  the  United  Sttit^s.  Any  case  of  chylous  urine, 
lymph  soi-otum,  ttimor  of  tlie  groin,  or  elephantiasis  should  lead 
us  to  make  a  careful  exfiniiiiation  of  the  blmwl  for  the  tilaria.  There 
are  at  least  six  species  of  tilariu,  one  of  ivhieh  is  present  in  the 
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blood  ahieSy  at  uight,  another  chiefly  during  the  daytime,  and 
attotlier  continuously.  In  Uganda  and  parts  of  India  a  uiajoriQ-  of 
all  natives  cavvy  the  tilarieeas  "commensals"  or  messmates;  we  can 
hardly  call  them  parasites  since  both  tilaria  and  native  usually  re- 
main in  (joiid  health.  Only  the  Jilaria  noctunm  has  ihiia  far  been 
Been  in  America  (I"ig.  34), 

In  examining  for  the  tilaria  a  slide  of  the  fresh  blood  is  pi-epared 
iu  the  usual  way,  Imt  nfter  8:S0  o'rlnck  in  the  evening,'  and  examined 
at  once.  Lothrop  and  Pratt' counted  hourly  the  number  of  em- 
bryos per  cubic  centimetre  by  drawing  blood  to  the  mark  1  in  a 

'  In  persons  who  sleep  in  llie  daytime  aoU  work  at  nighl  Ibe  liablu  of  tlu 
Qlaria  ore  said  lo  ImcODie  reversed,  so  ibat  it  appears  iu  ihe  peripheral  circula- 
tion ciiiefly  in  Ibe  ilaj-ttnie,  and  is  lo  be  looked  for  Iben, 

«  Loibrop  and  Praii;  American  Jotir.  of  Med,  8c..  November,  lOOO. 
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Thoma-Zeiss  pipette,  blowing  it  out  on  a  corer  slip  suid  counting  the                 H 
nmnlier  of  embrj-oa  in  this  drop  (whose  size  could  \ie  estimated),     lly                 ^M 
this  means  they  obtained  the  accompanjiug  chart,  showiug  the  in-                 H 
crease  and  decrease  of  filaria  in  the  periphenil  blood.     One  slide                 1 
made  at  midnight  contained  twenty-five  filariee — the  equivalent  of                   H 
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2,100  per  cubic  centimetre,  or  about  6,800,(tOO  in  the  whole  mass 
of  llie  circulating  blood,  supposing  them  to  have  been  equally  dis- 
tributed, as  they  probably  are  not.     The  embryo  of  thia  parasite 
(which  is  what  ve  find  in  the  human  blood)  is  from  one-ninetieth 
to  one-seventieth  of  an  inch  in  length— i.c,  about  fifty  times  the 
diameter  of  a  rpd  eell,  and  alxiut  the  width  of  a  red  corpuscle. 
Seen  in  the  blood  it  retains  its  vitality  and  motile  power  for  a  con- 
siderable time,  so  that  its  motions  may  continue  a  week  or  move 
between  slide  and  covers  glass.     Culd  has  little  effect  upon  it,  even 
freezing  temperature  failing  to  do  more  than  make  the  movements 
Blower. 

A  distinction  can  generally  be  made  out  between  the  embryo 
proper  and  iw  sheath  (see  I"ig.  30).     From  this  sheath  the  embryo 
escapes  when  in  the  blood  of  the  mosquito,  which  insect  acts  not  in- 
frequently as  intermediary  host  and  conveys  the  parasite  indirectly 
from  man  to  man  through  the  medium  nf  wiiter.     After  sucking  in 
the  organism  with  the  blood  the  mosquito  lays  its  eggs  and  dies  in 
some  neighboring  pimd  or  stream  whence  the  tilaria  again  gains 
acoess  to  men. 

It  is  a  long,  slender,  snake-like,  gracefully  shaped  worm,  and 
■when  alive  its  activity  is  so  great  that  measui-ements  and  observa- 

m.         1 

4!6 


SPKCIAIi  FATHOLOaV  OF  TBS  BLOOD. 


tions  of  its  atractare  cannot  be  made  tillitis^iaralyzed  b;  appruach- 
ing  death  (Fig.  37). 

Posteriorly  it  tapers  for  ono-liith  its  length  down  to  a  very  sharp 
point.  The  extreme  end  of  the  tail  often  looks  as  if  iirticulated,  for 
it  does  not  harmonize  vith  tbe  general  curve  of  the  body,  but  lies 
bent  at  an  angle.  Toward  the  head  it  tapei-s  very  slightly,  aud  when 
alive  a  "  pouting  "  movement  as  if  of  breathing  can  i>e  seen  at  its  vciy 
extremity.     About  the  middle  of  the  body  a  granular  aggregation 


it  rUirlH,  sliuvrJim  PmWo 


can  be  made  out  along  the  central  axis  of  the  animal.  Except  for 
this  granular  portion  t)ie  parasite  is  so  transluoentthatit  is  not  easy 
to  make  it  out  at  iirst.  The  distinction  of  body  and  sheath  men- 
tioned nlxive  appears  as  a  "  clear  space  "  at  each  end  of  the  body 
(vide  Fig.  36),  After  the  motions  have  ceased  it  lieconies  darker 
and  traoes  of  transverse  striation  may  be  seen  (Fig.  38). 

It  has  no  locomotive  power  and  confines  itself  to  wriggling  in 
the  same  spot.  Snnssure  '  says  he  has  watched  them  "  fighting  with 
each  other  for  hours," 
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The  head  of  the  lilaria  is  said  by  Bume  authuritius  to  he  supplied 
vitli  feelers  or  tlagella,  aud  Maiisou  descrilies  what  he  calls  a  "  ceph- 
alic.  armature"  or  fang  (Kig.  39). 

The  same  orgauisui  can  sometimes  be  found  in  the  chylous  urine, 
but  uot  every  case  of  chyluria  Is  due  to  the  filaria  sanguinis  hominis. 
In  a  considerable  portion  of  cases  no  such  organism  is  to  be  found. 


Henry  '  succeeded  in  staining  the  parasites  intra  vitani  by  giving 
e  [latieJit  considerable  doses  of  methylene  blue  internally  for  some 
{weeks.  Only  a  faint  bluish  tinge  was  imparted,  however,  to  the 
gauism  by  this  metliod. 

For  finding  the  parasite  it  is  best  to  use  a  low  power,  not  an  im- 
(  mersioD  lens,  and  the  whole  of  several  slides  should  be  looked  over. 

Specimens  oaii  !«  dried  and  preserved  for  staining  provided  we 
Edo  not  heat  them  over  a  lamp  or  pass  them  through  a  Uame.  Fixa- 
Itioii  in  alcohol  and  ether  and  staining  with  thionin  work  well. 
p  Hanson'  stains  with  eosiu  and  mounts  in  "glycerin  jelly." 

'Med.  News,  Maj  ad.  IHM. 

'-The  Filaria  SansninU  Hominis."  by  Patrick  Manson.  M.D.,  Amr.y. 
t  ChlDB.  1883. 
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■         Several  other  species  hare  been  observeil  iii  England  m  negroes                  J 

^1  from  tl 

e  Congo  River,  hut  not  hitherto  in  Aiiicriea. 
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Considerable  interest  has  lately  been  aroused  in  the  morphology                   1 
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SPECIAL  PATHOLOOT  OF  THK  BLOOD. 

In  the  precfdiiig  table  I  have  arranged  some  of  the  briefer 
records.  The  best  shidied  cases  are  those  of  Calvert '  which  are 
exhibited  iu  the  following  table. 

Tadlr  CIS  -   Calvekt.    Case  I. 
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Table  CX.— Calvbrt.    Case  IT. 
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'  Calvert:  Johns  Hopkins  Bull.,  June,  1902. 
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Tablk  ex.  — Calv-kiit.     Case  II.  iOwliiiiied) 


IS 


SPIROfH.ETE  OF  RELAPSINO  FEVER. 


From  these  cases  it  Bp|>eara  that  eosinophilia  ia  a  constant  fea- 
ture uf  recently  aaqiiire<l  cases  nu<l  occurs  to  a  less  extent  in  chrouic 
cases.  It  is  usually  most  marked  in  the  hours  when  filariee  are 
fewest  ill  the  iwriiihcrnl  blood  and  decreases  as  the 

^H      During  the  fehrilt;  paroxysms  of  relapsing  fever,  and  for  one  or 

^K^  days  liefore  tliem,  Obermeyer  and  others  have  found  constantly 

^■^sent  iu  the  peripheral  circulation  a  parasite  whose  leugth  aver- 

^^igea  about  six  times  the  diameter  of  a  retl  corpuscle.     Even  under 

high-power  lenses  it  is  a  mere  thread  in  width,  emled  upon  itself 

lilie  a  corkscrew  and  actively  motile,  so  that  in  examining  tlie  hlood 

-witli  a  low  |)ower  we  get  a  "peculiar  impression  of  disturbance  " 

g  the  red  cells. 

I  numljer  of  twists  in  this  spiral-shaped  organism  varies  n 

1  deal,  and  one  of  ibt  inotionB  consists  in  contracting  and  extend- 

f  like  a  spiral  spring.     It  can  thus  multiply  its  own  lengtli 

e  or  four  times.     It  lias  also  a  delicate,  wavy,  but  i-apid  motion 

{ its  long  axis.     Tlie  whole  thread,  or  a  part  of  it  only,  may 

e  these  motions.     Further,  tSie  whole  parasite  has  power  of  loco- 

Wtion  apparently  independent  of  the  currents  in  the  blood  plasuia 

t  a  slide  and  cover-glsHs  specimen.     Its  locomotion  is  slow  com- 

kred  to  the  movements  above  described.     Particularly  in  the  blood 

net  mortem  they  are  apt  to  wind  themselves  into  each  nther  so  as 
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to  seeiu  uiucli  larger  tliiui  lliey  niluiilljr  ure,  ii;iil  sumetinies  a  large 
"nest "  of  them  iimy  look  like  a  leucocyte,  except  lor  the  fine  wavy 
tlireiiils  which  t^iui  l>e  nevu  in  luotioii  at  tlie  peripht>ry  of  tbe  o 


The  umnber  iiieseiit  i 
Binning  of  a  iinrnsymn  lli 


few  hours  of  a  febrile  period  Mticyiitkowsky  coald  find  only  one 
Bptiijohfete  in  ten  or  twrnly  miciiiscitpic  fields,  while  later  on  he 
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saw  tweiiiy  or  thirty  of  them  iu  a.  single  fit-lii.     There  ntv  usually 

iQore  parasites  with  each  siiceessive  [jnroKy.iiiii . 

lilootl  tnkeu  from  different  paila  uf  the  body  often  shows  a  great 

difference  in  the  number  of  organisms  to  be  found.     The  life  history 
___  of  a  single  parasite  seema  to  be  very 

short,  but  they  multiply  with  tliu 
greatest  rapidity.  Albreeht  has  suen 
tlieiii  so  increase  within  six  hours  thiit 
wlieieas  at  first  he  saw  only  a  few  in 
I. lie  whole  slide  he  later  found  many 
ill  each  field.  As  the  spii-ochste 
dies,  its  movements  get  languid,  and 
finally  it  breaks  up  iuto  small  gran- 
ular bits  (s|Kn*es?J. 

He  t  ween  paroxysms  tlie  spiro- 
ehtetes  are  uot  found,  but  there  are 
to  be  seen  [>eculiar  highly  i-efractile 
globules  rompared  by  v.  Jakscli  to  a 
diplocoecus.  Tlie  latter  author  be- 
lieves that  he  lias  seen  these  tlerelop 
iiitti  the  spirochete  at  the  liegmntng 
of  II  jai'oxysm  anil  henee  believes 
them  to  be  sjwires. 

This  spii'ocheete  is  found  in  all 
eases  of  relapsing  fever  anil  iu  no 
other  known  disease,  so  that  like  die 
lilasruodium  malariffi  it  is  pathogno- 
iiioiiic  mill  of  the  highest  importauce. 
Aiiieiiiia  and  leucoeytosis  (during 
till-  paroxjEiiij  are  among  the  sec- 
iiiidary  results  of  the  presence  of  this 
jiitrasite  in  the  blood. 

lioeekman  reported  that  the  red 

cells  smk  during,  nnd  for  one  U}  two 

days   after,    the  attack,    increasing 

somewhat  in  the  afebrile  periods. 

Laptschinsky,  Heidenreicli,   and 

Boeckmanu   all  noted    conaiderable    leucocytosis.      Laptschinsky 

mentioned  the  presence  of  a  very  large  numl)er  of  coarsely  granuhir 

leucocytes. 


Flo.  W.— LeucurjFHM  O 


A  certain  rtiseiiililance  lias  been  noted  between  the  spiroclisete 
and  a  free  Hagelluiii  broken  oti  from  a  lualanal  parasite,  but  llie 
clinical  history  and  tlie  presence  or  absence  of  other  evidence  of 
inalai'ia  in  the  blood  would  easily  decide  the  question  of  diagnosis. 
Technique  nf  Exit miiwl inn. — As  in  looking  for  the  nialarial  or- 
Lnism,  it  is  best  to  examine  the  blood  fresh  l)etween  a  slide  and 
fiover-glass  (vide  page  7)  and  to  une  an  oil- immersion  lens.  lu 
!dripd  speoimeuH  Uie  orgiinism  can  be  stained  with  fuchsin,  but 
R  much  more  difficult  to  recognize  than  in  the  fresh  blood.  The 
vpirilla  stain  well  with  aniline  dyes,  and  Karlinski  succeeded  in 
demonstrating  flagetla  with  some  individuals.  Concentrated  sotii- 
ifton  of  methylene  blue  stains  all  spirilla  in  from  two  to  five  minutcH. 
Phagocytosis  (see  Fig,  46)  can  easily  be  watched  in  the  peripheral 
blood. 

&>01TED  FEVER  (TICK  FEVER)  OF  THE  HOCKY  MOl'NTAINS, 

The  parasite  of  this  newly  described  disease  was  first  discovered 

hs  Drs.  L.  B.  Wilson  and  W.  M,  Chowning'  of  the  University  of 

Minnesota,  whose  services  were  engaged  in  the  spring  of  1902,  by 

the  Montana  State  Hoard  of  Health,  to  investigate  an  epidemic  then 

prevailing  in  the  Hitter  Root  Valley.     Their  report  was  pnblished 

July  19th,  1902.     Their  findings  were  confirmed  by  Surgeon  J.  O. 

Cobb,'  by  Prof.  F.  F.  Wesbrook,'  of  the  University  of  Minnesota, 

and  by  Passed  Assistant  Surgeon  John  F.  Anderson '  of  the  United 

States  Hygienic  Laboratory  at  Washington.     Altogether  seventeen 

lee  have  been  examined  with  positive  findings  in  nil.     The  )>ara- 

Ite  most  resembles  that  of  Texas  cattle  fever  as  deacribed  by  Theo- 

ild  Smith  {pijrotomu  hi'jemium). 

It  is  found  (ihiefly  in  the  red  cells  Ijut  occasionally  outside;  is 

-pigmented  and  shows  aiuceboid  movements.     Three  forms  are 

^Hdescribed:  "The  moat  common  is  a  single  ovoid  body,  highly  re- 

fnctile  and  nanally  situated  near  the  edge  of  the  cell."     While  the 

slide  is  warm  the  parasite  projects  pseudopotlia  rapidly  and  slightly 

efaanges  its  position.     It  is  t.5  to  2  ;i  long  and  half  as  wide  itnd 

Wlhtonanil  Cliowniu^^  Iti^port  of  MonUiDa  Bourd  •>(  HeuUli,  ld01-03: 

Fouro.  American  Mwl.  Assn.,  July  Ifltli.  1903. 

•Cobb:  Public  llenlth  Reports,  August  Ifltli.  1003, 
'  Wesbrook :  Report  of  Minnesota  Bnanl  of  Hi^alth.  1001-02. 
*Anderaon.  nyyienk-  Laboratory,  Bulleliu  No.  14,  July.  19U3  IWoshing- 
D.  C). 
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rest^iiibles  tlie  youngest  purnsite  of  Eestivn-uutumiial  malaria. 
"  Ajiitther  form,  less  common,  in  larger,  ea|*ecially  at  one  end  where 
a  dark  granular  spot  appears."  A  third  form,  disUuutly  pyviform, 
is  arranged  in  paira,  with  tho  smaller  ends  approaching  and  eome- 
times  joined  liy  a  minute  thread.      In  this  no  motion  is  seen. 

The  parasite  i§  best  stained  by  some  method  giving  the  Roma- 
nowslcy  atnin.  It  stains  bine  against  the  ]iiiik  of  the  red  corpusnles, 
but  it  is  always  difficult  lo  bring  it  out  clearly.  The  parasite  takes 
ihv  sUin  more  dt^ply  at  one  end.  80  me  times  it  lias  a  ceutml 
stained  spot  surrounded  liy  a  eleav  unstained  npace. 

In  specimens  stained  by  aome  one  of  the  Romanowsky  stains 
(Jtiiclit's,  .Tenner's,  Wright's)  tlie  pan\site  sometimes  aliowa  a  red 
or  \iolet  chi-oraatin  body,  while  the  rest  of  tlie  body  stains  bine 
against  the  pink  of  thn  corpusoles.  It  is  usually  necessary  to  search 
several  lields  before  lindiiig  a  itai-asite,  but  raiely  as  many  as  eleven 
ofcnr  on  a  single  lii'ld.  Aside  from  flie  presentee  of  these  parasites 
the  blood  shows  only  an  antemia.  Thi'oughout  the  eourse  of  the 
disease  tliere  is  "a  at«ady  but  never  very  rapid  decrease  in  the  per- 
centage of  hffiuioglobiii,  one  case  going  as  lou-  as  tifty  )>erccnt."  The 
erythrocytes  are  sometimes  nuideiately  diniiniitlied.  The  leucocytes 
are  not  increased  or  diminished.  In  tlie  two  differential  counts  on 
record  thus  far  a  slight  increase  in  the  large  mououuclear  forms  was 
noticed. 

niSTOMUM  H^MATOBIUM  (BILHARZIA  DISEASE). 

Eosinophilia  has  recently  been  i-eported  The  following  figures 
exemplify  it: 


R«dcell>. 

wmte 

Percent 

Elohin. 

Percent 

poly- 
nuclean. 

XctwS' 

Percent 

nucleMi. 

Percent 

eoBlDO- 

Pbllea. 

Reported  bj 

4.090,000 

8,900 

84      '      49 
46 

21 
27 

18 

7 

18 
20 

Maoson.' 
Coles,* 

Douglas  and  Hardy  (Lancet,  October  10th,  1903)  studied  60 
eases,  and  found  leueocytosis  and  an  eosinophilia  averaging  16.6 
per  cent;  21  cases  showed  over  15  per  cent  of  eosinophiles,  and 
but  2  were  below  C  per  cent.  Despite  the  absence  of  inalana  the 
large  mononuclears  averaged  12.5  ])er  cent,  10  being  above  15  per 

'MaosoD:  Brit.  Med  Jour.,  December 30tli,  1902. 
'Coles:  Ibidfm.  May  lOlli.  1903, 
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FRAMBfESIA- 

Glogner '  in  eight  cases  found  ait  iucrease  of  lymphocytes,  slight 
[  marked. 

TRYPANOSOMIASIS. 

The  first  discovery  of  a  trypanosoma  in  liuinun  blood  was  made 

I  Gambia,  in  1901,  by  Dutton,"  of  Liverpool,  wlio  found  it  in  two 

■persons,  one  a  child  without  symptouis,  the  otlier  an  ndult  Euglish- 

an  with  chronic  fever,  wasting,  splenic  enlargement,  and  circuin- 

ribed,  fugitive  <Edemn.     Laveran,  referring  to  these  cases,  dubs  the 


'    Jio.  4fl.-Tr7p«i 


;i8it«  Trypanosoma  Gambiensis,*  and  states  that  it  is  conveyed 
a  man  as  to  other  animals  by  the  fly  Glossina  palpalis. 

An  expedition  sent  to  Gambia  in  1902  by  the  Liverpool  School 
of  Tropical  Medicine'  found  5  cases  among  221  examined;    the 
number  of  parasites  was  from  1  to  23  per  cover  slip  (see  Fig.  46). 
These  observations  have  been  confirmed  by  Forde,'  Daniels,' 
Ologner:  Vircliowa Arch.,  vol.  188. 
Dutton;  Brit.  Hed.  Jour..  September  30th,  1903. 
Laveran:  Bull,  du  I'Acad.  de  Med.,  iUy  2TtL,  1903. 
Referred  to  in  Brit.  Med.  Jour..  February  7th.  1903. 
Porde;  Jour,  of  Tropical  Med.,  September.  1902, 
Daniels:  Ibidem,  November,  1902. 
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Maxwell  Adams,'  MansoD,'  Leislimnn,'  Baker'  (Uiree  cases),  and 
others.  Some  ausemia  results  in  chronic  cases.  About  twelve  cases 
ill  all  are  now  on  record. 

Mauson '  describes  the  hiiuian  trypanosonie  as  seen  in  the  fresh 
blood  as  "  a  minute,  colorless,  transparent  and  very  active  vermicule 
tapering  toward  its  extremities,  one  of  which  ends  in  a  long  flagel- 
lum  continuous  with  the  uuduladug  membrane  attached  to  nearly 
the  entire  length  of  one  side  of  the  Ixxly."  Near  the  end  opposite 
that  bearing  the  flagellnm  is  "  a  refringent  speck — the  aentrusome. 
The  organism  is  always  free  in  the  plasma,  never  intracorpusculai; " 

Stained  by  any  of  the  Uomanowaky  stains  (n.ff.,  Wright's)  the 
body  of  the  parasite  is  blue,  the  flagellum  and  the  free  edge  of  Uie 
undulating  membrane  are  pink,  the  centrosome  is  deep  red,  while  a 
nucleus,  also  pink  staining,  appears  about  the  eeutre  of  the  body. 

The  length  of  the  parasite  is  from  two  to  tliree  times  that  of  a 
red  cell;  its  width  about  one-fourth  of  that  of  a  red  ci-Il.  When  in 
activity  it  rotates  with  a  sciew-Iiko  motion  upon  its  long  axis.  The 
number  of  parasites  found  in  the  cases  tlins  far  observed  has 
been  scanty — three  to  eight  in  a,  three-fourth  inch  cover-slip  prep- 
aration. 

This  trypanosonie  has  also  been  found  by  Castellani,  Bnice,  and 
others,  iu  the  blood  and  cerebro-spinal  fluid  of  cases  of  sleeping- 
sickness,  and  is  believed  by  Mansou  to  be  the  cause  of  this  disease. 

ANEMIA  DUE  TO  INTESTINAL  PARASITES. 

The  bothriocephalus  latus,  unciuaria  duodenale,  and  a  few  other 
parasit«a  are  capable  of  producing  by  their  presence  in  the  in- 
testine a  very  severe  auEemia,  which  may  be  indistinguishable  from 
pernicious  anaemia.  Bothriocephalus  aniemia  has  been  studied  by 
Schaumann  in  a  monograph  (Berlin,  18114,  Hirschwald)  which  is  the 
very  acme  of  careful,  conscientious  work  and  eclipses  entirely  the 
fragmentary  observations  of  earlier  writers.  Uncinariasis  has  besn 
thoroughly  studied  by  li.  K.  Ashford  of  the  United  States  army  io 
Porto  Kico,  by  Boycott  and  Haldane,"  Sandwilh,  and  others,' 

■  Maxwell  aad  Adama    Brit.  Med   Jour.,  March  36lh,  IMS. 

■  MsQSOD  -.  Brit.  Med.  Jour.,  May  30th.  1903. 
'Lcishmun:  Brit,  Med.  Jour..  Msy  BOtb,  1003. 

*Baker;  Ihidem.  •  MaDson    "Tropical  Diseases,"  1903. 

'  Boycott  and  Haldane   Joum,  of  Hygiene,  Jim  ,  1908.        '  Bee  p.  490. 
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BOTHRIOCEPHALUS  AN^>UA. 

The  presence  of  the  bothriocephalus  latiis  in  the  intestine  of 
man  is  usually  accompanied  by  anaemia.  In  certain  cases,  however, 
under  conditions  not  at  all  clear  at  present,  there  is  produced  an 
anaemia  of  the  severest  type,  differing  from  ordinary  pernicious 
anaemia  only  in  its  curability  through  the  expulsion  of  the  worm. 

Schaumann's  magnificent  study  of  the  blood  of  thirty-eight  cases 
resulted  in  the  following  data : 

1.  Bed  cells  at  time  of  first  examination : 

2,000.000  to  2,500,000  in    1  case  (2,150,000). 
1,500.000  **  2,000,000  "    9  cases. 
1,000,000  •*   1.600.000  "  17      ** 
500,000  "  1.000,000  "  10     " 

Under  500,000  "    1  case  (395.000). 

38  cases 
Average  of  all,  1,290.000. 

2.  Hceinoglohin  (first  test)  : 

30  to  40  per  cent  in    7  cases. 
20  '*    80        "         "18      " 
10  "    20        "         "  13      " 

88  cases 
Average,  25  per  cent. 

3.  Color  index :  Less  than  1  in  8  cases  (0.9  to  0.99),  more  than 
1  in  30  cases.     Average,  1.09. 

4.  Average  diameter  of  red  cells,  7.4  /x  (slightly  above  normal). 

5.  Poikilocytosis  marked,  but  its  degree  is  not  parallel  with  the 
degree  of  anaemia. 

6.  Rouleaux  formation  always  defective  or  altogether  absent. 

7.  Polychromatophilia  and  stippled  red  cells  are  common. 

8.  Nucleated  red  cells  present  in  all  cases  examined  for  them — ' 
26 — but  without  parallelism  with  the  degree  of  anaemia. 

Megaloblasts  predominated  in  over  half  the  cases.  In  5  cases 
megaloblasts  only  appeared;  in  one  case  normoblasts  only.  In  the 
other  20  cases  both  types  were  present  Mitoses  were  found  in  2 
cases. 

Leucocytes  were  usually  normal  or  subnormal  in  number. 

Differential  count  practically  as  in  pernicious  anaemia. 

The  eosiuophiles  are  noted  as  "  very  scanty "  in  25  cases  and 
"  apparently  somewhat  increased  "  in  one  case.    [This  is  in  sharp  con- 
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iiast  with  tlte  enaiiiophilia  usually  present  iu  ankylostomiasis  (i-iii 
pagi'  1 16, )]  A  fi'W  myelocytes  wpre  iioCed  iu  two  cases  with  leuc*- 
eytosin 

lUrHui  idates  diiiiiiushed. 

So  far  the  figures  refer  to  untreated  cases  at  the  worat  stage  of 
the  disease.  Five-sixths  of  the  cases  were  entirely  and  apparently 
pernianeully  cured  iu  about  two  luonths  by  the  i-xpulsiou  of  ihv 
worms.     Blood  counts  at  the  time  of  leaving  the  hospital  showed: 

In  8  caseanboiU  2,^)0.000  reil  cells 
-      '>     •         -      8,000,000   -      - 
"      3     "         "      8,«(W,000   ■       - 

"  IB  '  "  4,(W»0,l)00  "  " 
"  4  "  "  4.noo,oo«  -  " 
"      4     "         ■■      S.000,000   "       " 

rs  Stilt  liiglior)  Willi  TO  |icr  c«d(  hfemo^lobln. 


Average  4.880,000  (Iflci 


Thirteen  of  these  were  followed  up  after  diaoharge,  and  iu  tltese  a 
full  resiiUitio  ail  uitf^riim  occurred. 


UNCINARIASIS  lANKVI,OSTOMI,\SIS), 

The  first  careful  observdtioiia  of  the  blood  of  whicli  I  hare 
knowledge  are  t.hnse  of  Zappeil  in  1892,'  who  I'eported  a  nioderat« 
grade  of  anseinia  with  low  color  index. 

Miiller  aud  Eieder '  were  the  first  t«  note  the  eosinophilia  which 
later  oliservations  have  shown  to  be  so  frequent.  They  i-ecord  8.2 
]>er  oent  and  9  7  per  cent  in  two  cases  of  the  disease  Zappevt  refers 
to  two  cases  with  17  per  cent  of  eosinophiles. 

Rogers'  compai'es  the  anaamia  produced  by  the  unciuaria  with 
that  due  to  uialaria  and  with  the  blood  of  the  average  native  of  As- 
sam, where  his  studies  were  carried  ou  His  results  are  shown  in 
the  following  table: 


Red  cells. 

Wblte  cells. 

4.734,000 
2.000,000 
1,145,000 

7,825 
1,600 
5,338 

67  per  cent. 

Clinmir  malaria 

Rogers  does  not  refer  to  the  percentage  of  eosinophiles. 
'  ZuppL-rf  Wien.  kliii.  Woch.,  1892,  No.  24- 
<  Mailer  iind  Rieder:  Arch.  t.  klin.  Med.,  vol.  ziTlti. 
■Brit.  Med.  Journal,  1900,  p.  089. 
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lu  1894  Bucklers  *  reported  the  following  counts : 


Red  cells 

White  cells 

Haemoglobin 

Eosinophiles 

Polynuclear 

Lymphocytes  and  transi 
tionals 


Caw  I. 

II. 

III. 

IV. 

V. 

8,649,000 

8,954,000 

18,000 

V5.666 

20,600 

46.0j< 

•  •  •  • 

2U 

m 

^ 

58.6 

10.4jt 

22 

46 

74 

22.8 

46 

58 

87 

22 

25.1 

48.6 

25 

VI. 


25.0^ 
21.2 
82.2 
46.6 


Leichtenstern  (referred  to  by  Ehrlich  and  Lazarus)  illustrated 
the  behavior  of  the  eosinophiles  in  the  presence  of  a  secondary  in- 
fection by  this  case :  "  In  the  blood  of  a  very  anaemic,  almost  mori- 
bund patient  with  ankylostomiasis  there  were  found,  in  1897,  72 
per  cent  of  eosinophiles.  The  patient  contracted  a  croupous  pneu- 
monia, and  in  the  high  febrile  period  of  the  disease  the  eosinophiles 
sank  to  6  and  7  per  cent,  rising  again  after  the  termination  of  the 
pneumonia  to  54  per  cent.  After  removal  of  the  worms  the  eosino- 
philes fell  at  once  to  11  per  cent. 

"  In  1898,  when  the  faeces  contained  but  very  few  ankylosto- 
niata,  .  .       the  eosinophiles  amounted  to  8  per  cent." 

The  Blood  in  Gross 

The  best  studies  of  the  disease  are  those  of  Ashford  *  and  of 
Boycott  and  Haldane.'  The  latter  studied  an  epidemic  observed  in 
Cornwall  miners.  They  found  the  total  volume  of  blood  (Haldane's 
method — see  above,  page  6)  increased  as  in  chlorosis  and  very 
different  in  this  respect  from  the  conditions  found  in  pernicious 
anaemia.  Indeed  they  insist  that  the  blood  of  uncinariasis  rarely 
simulates  to  any  extent  that  of  pernicious  anaemia. 

Bed  Cells  and  Hcemoglobin 

Their  counts  varied  from  1,500,000  to  5,400,000  in  33  cases. 
The  color  index  was  low  in  all  but  4  cases, — the  lowest  figures  being 
0.53  and  the  highest  1.38  (17  per  cent  to  104  percent).  In  general 
the  more  profound  the  anaemia,  the  less  the  tendency  to  a  high  color 
index  such  as  is  the  rule  in  pernicious  anaemia. 

In  most  of  their  cases  the  loss  of  red  cells  was  not  extreme; 

»  Bucklers:  MQneh.  med.  Woeh.,  1894,  No.  2. 

•  Ashford:  Amer.  Med.,  1908,  p.  391. 

'Boycott  and  Haldane:  Jour,  of  Hygiene,  1903,  vol.  iii.,  No.  1. 
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I>oikilocyto8i9  was  present  in  but  few  cases  and  uever  extreme 
few  showed  variations  in  size  beygnd  the  normal.      In  one  case  i  with 
1,500,000  red  cells)  the  cells  showed  polychfomasia  with  fivf  nunnn- 
Ijlasts,  two  <iuestkiuablc  megalo blasts,  and  abundant  meg'alocyte^; 
two  other  cases  showed  one  or  two  normohlaitts. 

This  epidemic  was  a  com  [)a  rati  rely  mild  one,  which  probsblf 
act^ounts  for  the  diSeivnoe  Iwtweeii  thesQ  blood  changes  and  ihoM 
reports  by  Ashfoid,  sunimg  wliicli  Itl  out  of  50  showed  less  lliao 
2,000,000  Vtid  cells  i>er  oubio  mi  Hi  metre.  Of  a  former  aeries  of  19 
cases,'  11  fell  below  1,000,000,  14  bad  nonnoblnsts,  and  6  of  them 
sliowed  megaloblasts.  In  Ashford's  series,  as  in  that  of  Boyeoit 
ami  Haldaue,  megiilrjliUaU  never  predominated.  PoikilocyttaiB 
was  present  ui  all  Ashford's  cases.  In  Capps' '  case  the  count  sank 
in  two  months  from  2,57'>,000  to  748,000;  the  hsmogloliin  was  al- 
ways ivlatively  low  (color  index  0,38  to  0.88)  with  scanty  uonno- 
bliists  iind  no  niegaloblasts.  At  autopsy  the  marrow  was  yrllnir, 
i.t<.,  showed  no  compensatory  regeneration. 

In  the  ease  rejiorted  liy  Evans,'  the  red  pells  averaged  2,500,001), 
in  Vates' '  case  they  sank  within  a  week  from  2,500,000  to  800,000, 

In  Ashford's  second  series  '  of  77  cases,  130  examinations  weif 
made  (excludiin;  those  when  only  the  hiemoglobln  was  lesifd). 
The  color  index  was  always  low,  but  the  count  of  red  cells  fell  only 
twice  below  1,000,000. 

Sandwith'  studied  in  Egypt  173  cases.  Of  these  only  3  ex- 
ceeded 4,000,000  red  cells  per  cubic  millimetre;  23  per  cent  were 
found  to  have  between  3,000,000  and  4,000,000;  46,8  per  cent  lay 
between  2,000,000  and  3,000,000,  and  28.3  per  cent  had  less  than 
2,000,000.  His  minimum  count  was  930,000,  and  his  average 
count  of  liospital  cases  was  1,290,000  per  cubic  millimetre.  The 
average  of  all  cases  is  2,420,000;  the  htemoglobin,  26  per  cent;  the 
average  color  index  0.54  per  cent. 

In  many  of  the  reconled  cases  the  abntpt  rise  and  fall  in  the 
red  cells  is  astonishing. 

In  view  of  all  the  evidence  it  appears  that  the  contradictions  be- 

'  Ashfoni:  New  York  Meil.  Jour,  1900,  p,  562. 

'Capps:  Jour,  Am.  Med,  Assn,.  January  3d,  1B03. 

>Evan£:  Milem.  April  lltli,  1»03, 

*Yatu8:  Johns  Hopkins  Bull..  December,  1901, 

•  Ashford:  Amer,  Med,,  1903,  \>.  891. 

'Saudwith:  Eleventh  Intcmat,  Med,  Cong,,  Rome.  IBM. 
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tween  the  statements  of  such  writers  as  Boycott  and  Haldane,  who 
assert  that  the  blood  resembles  chlorosis,  and  the  reports  of  many 
other  writers  that  it  resembles  pernicious  anaemia,  depend  in  part 
upon  the  great  variations  in  the  severity  of  different  epidemics.  In 
the  milder  cases  or  in  the  earlier  stages  of  any  case  we  get  counts 
like  those  of  chlorosis  or  any  other  secondary  anaemia  of  moderate 
gi'ade.  In  severe  cases,  however,  the  count  may  fall  as  low  as  in 
average  cases  of  pernicious  anaemia.  The  volume  index  (Capps), 
determined  by  comparing  the  length  of  the  packed-down  column  in 
the  haematocrit  with  the  count  of  red  cells,  may  be  high,  as  in  per- 
nicious anaemia  (1.17  to  1.22  in  Capps'  case);  but  the  color  index  is 
low  in  practically  all  the  recorded  cases,  whether  mild  or  severe 
(Ashford,  0.51  in  61  cases,  Sand  with  0  54). 

Leucocytes. 

In  Boycott  and  Haldane 's  series  the  range  was  from  3,800  to 
56,000;  but  in  16  of  the  severer  (anaemic)  cases  the  average  was 
13,600.  They  found  that  the  maximum  leucocytosis  occurred  early 
in  the  disease  before  the  anaemia  was  severe.  The  liighest  oounts 
(56,000,  44,000,  24,000,  and  20,000)  were  all  in  young  men  witli  a 
history  of  from  six  weeks  to  six  months'  illness  and  with  relatively 
slight  symptoms.  The  lowest  counts  (3,800,  6,200,  6,700,  and 
6,800)  were  in  cases  of  from  two  to  four  years'  standing.  In  all  but 
one  of  Ashford 's  cases  (presumably  more  chronic),  the  leucocytes 
were  normal  or  subnormal. 

I>ifferential  Count. 

The  main  feature,  agreed  upon  by  all  observers,  is  the  marked 
eosinophilia,  absolute  and  relative.  According  to  Boycott  and  Hal- 
dane the  eosinophilia  varies  with  the  total  leucocyte  coimt,  that  it 
is  highest  in  fresh,  early  cases  occurring  in  young  men,  and  less 
marked  in  the  long-standing  cases.  It  bears  no  close  or  direct  rela- 
tion to  the  degree  of  anaemia.  The  averages  in  sixteen  anaemic  cases 
were: 

Eosinophiles 28     per  cent  or  3,050  absolutely 

Polynuclears 48.7        **         "    6,477  ** 

Small  lymphocytes 14.4        **        "    1,915  ** 

Large  mononuclears 5.9        "        **     785  " 

Intermediate  forms 7.4        ^         "     984 

Mast  cells 6        '*         -       80 

In  one  case  the  mast  cells  were  2  5  per  cent,  but  in  6  out  of  58 
cases  none  was  found. 
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The  detailed  resiilta  of  this  actrairable  study  are  exhibiteil  iu  the 
tables  ou  page  4tU. 
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Regarding  the  eosinophiles,  Ashfonl's  conclusions  from  77  eases 
studifd  ill  Porto  Hico  agree  in  the  main  witli  those  of  Boycott  and 
Iluldaiit^ :  i.e.,  lie  tiiida  the  liighest  jien-entages  in  leeeiit  eases  ami 
the  lowest  in  chronic  cases.  "  After  treatment  in  chronic  eases  and 
in  those  in  the  later  stages  of  the  disease  a  rise  in  eosinophiles  may 
be  expected  and  is  of  good  prognostic  import  When,  however, 
tliere  is  a  fall  in  eosinophiles  and  no  improvement  in  physical  signs, 
death  may  often  I*  the  result."  Four  out  of  five  cases  that  died 
from  the  anaemia  had  relatively  low  counts  of  eosinophiles.  After 
the  patient  is  cured  there  is  a  final  return  to  the  normal  pereentnjj'e 
within  from  three  to  six  months. 


T.tBLE  CXI.— ScHEDt'Lii  OF  Blood  Exajiinattoks  jv  Nineteen  Cases  at 
PoncE,  Porto  Hico,  bt  Abhford. 
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BrtCtXL  PATHOUMV  OW  TBK  mjOOO. 


TiBLE  CXI. — ^ucPCLE  UP  Blood  Ei.imi.vatioxs  ts  NtxcTE 
Pojfce,  PoBTO  Rico,  bv  AMin^itD  i'.V>>u/ia«(«r). 


TIivw  two  titblos,  tliu  Kret  from  a  ivlntirelj  mild  aud  rec«ut 
epideuiic,  the  second  from  a  locality  wIipk  the  disease  ixas  protialtly 
bvuu  tsiidrmic  fur  yvnn,  Hlioiild  give,  1  think,  a  fair  idea  of  the  range 
of  variation  in  different  grauiia  of  cases. 

Tim  iitintber  of  chbch  reneiitlj  repoiled  iu  thie  country  is  large. 
Tliey  are  well  sumiuaiized  in  Capps'  article  (loc,  eit.)  and  iu  Stiles' 
inonugiapli. ' 

Diagno»t'w  Value. 

The  presence  of  eosiiiophilia  in  any  case  of  anietnia  should  hence- 
forth suggest  the  examination  of  the  stools  for  uncinaria  eggs. 
TJiere  ai'C  other  parasites  which  produce  anaemia  with  eosinophilia 
(e.ij.,  hydatids),  but  none  is  so  common  as  tlu'  uncinaria,  and  since  the 
discovery  l)y  Stilea  that  considerable  regions  of  our  Southern  States 
ai-c  infested  with  an  American  species  of  the  worm  and  that  a  form 
of  aiiiemia  produced  by  it  is  common  among  the  "  poor  whites  "  of 
these  regions,  the  practical  importauce  of  blood  examinations  haa 
been  increased. 


Effects  of  Tn-atment. 

Of  Sandwith's  173  cases  he  states  tliat  the  least  gain  on  treat- 
ment was  310,000  red  cells  per  cubic  millimetre.     Another  case, 

'Stiles:  "Report  on  tliePrtvuknce  and  Distribution  of  UnciDariasiB  in  the 
United  titates."    Hygieoic  Laboratory,  Bullciin  No.  10,  February,  1003. 
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that  of  a  l)oy,  gained  in  one  montli  seven  poujids  in  weight  and 
2,208,000  red  cells  per  cubic  niilli metre.  Ten  patients  gained  over 
2,000,000,  one  of  them  2,542,000.  His  average  gain  of  all  cases 
in  haemoglobin  was  from  22  to  32  per  cent. 

Agnoli'  reports  a  case  in  which  there  was  a  gain  of  2,168,000 
red  cells  per  cubic  millimetre  and  of  twenty-six  pounds  in  weight 
in  thirty-five  days.  Eighty-five  of  Ashford's  one  hundred  cases 
completely  recovered. 


TRICHINIASI8. 

In  March,  1896,  a  case  of  trichiniasis  entered  Professor  Osier's 
wards  at  the  Johns  Hopkins  Hospital.  The  study  of  the  blood  of 
this  case  by  Thomas  R.  Brown  was  the  means  of  calling  the  atten- 
tion of  the  profession  for  the  first  time  to  the  value  of  blood  exam- 
ination in  the  diagnosis  of  trichiniasis.  The  blood  was  examined 
daily  for  over  two  months.  The  total  leucocyte  count  gradually 
rose  from  17,000  at  entrance  to  35,700  forty-four  days  later. 
Thence  it  declined  until,  on  the  sixty-eighth  day,  it  was  11,000. 
The  eosinophiles  were  37  per  cent  (6,300  absolute)  at  entrance,  and 
rose  with  the  total  count  until  a  percentage  of  54  (19,500  absolute) 
was  reached  on  the  forty-fourth  day  (when  the  total  leucocytes 
were  35,700).  The  highest  percentage  (68.2)  was  reached  on  the 
forty-ninth  day,  when  the  leucocytes  were  17,700  (eosinophiles 
11,070  absoluti»j.  On  the  sixty-eighth  day  (the  date  of  discharge) 
the  eosinophiles  were  68  per  cent  (1,850  absolute). 

A  year  later  Brown  studied  a  second  case.  His  examinations 
showed  as  before  a  very  marked  eosinophilia  (see  table  OX II.). 

Table  CXH. — Case  H. — Blood  Chart. 


Pkrcentage  or  the  Various 

Total  Number  or  Various 

Leuco- 

Forms or  Leucocytes. 

Forms  per  c.mm. 

Date. 

cytes. 

1 

P.N. 

L.  M. 

s. 

Eo«. 

P.N. 

s. 

L.M. 

Eos. 

Neut. 

and  T. 

Monos. 

Neut. 

Monos. 

and  T. 

April  15th.. 

13.000 

43.1 

6.5 

1.4 

42.8 

5,600 

180 

840 

5,560 

16th.. 

•   •   •    • 

47.7 

4.7 

4.5 

39.1 

17th.. 

•   •   •    • 

52.0 

2.8 

7.6 

37.6 

18th.. 

8,000 

19th.. 

•  •  •  • 

57.2 

2.8 

8.0 

32.0 

20th.. 

8,900 

55.2 

8.8 

11.2 

31.8 

4,900 

1.000 

340 

2.830 

'AgDoli:  **  CoDsideraciones  sobre  dos  casos  de  ancniia  por  Ank3'losioma 
duodenal.*^    La  Cronica  Medica.  Lima.  Peru,  1898.  vol.  x..  p.  6. 
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Tajile  L'XII. — CAfiE  11.  — B1.00D  Chart  {Otntinueil). 
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ISth.. 
Uth.. 

I7tii.. 
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io.:oo 
0,000 

11.000 
J  1.000 

9.800 

11. aw 

13.700 
13.000 
10.-00 
13.000 

la.ooo 

9,300 
lO.TOO 
11.000 
12.000 

9.000 

58,0 
64.2 
00.4 

i57.2 
60  7 

s? 

67.0 

.wa 

ft48 
(M.7 
68.8 

60.4 
00.4 
58.6 
58.8 

a.  7 
2,0 
4.0 

4.2 
S.3 

.vo 

40 
11.25 
4.0 
4.0 
4.0 
4.0 
2.8 
3.8 
2.8 
8.6 

„., 

l.'>,2 
18.3 
18.6 
18,8 
17.0 
IT.O 
16.35 
32.0 
16.0 
16.0 
16-4 
16.4 
16.6 

is.e 
20.0 

27.7 
262 
22.4 
SO.O 
21.7 
14.7 
16.3 
14.0 
1.'S.7 
15.7 
15.3 
16  9 
200 
19.6 
19.6 
17.6 

8,300 
3,3:0 
6.640 
6.390 
a,BW 
7.180 
7.960 
8.040 
6,240 
8.860 
7.760 
6.140 
fl.480 
6.640 
7.060 
5,300 

1.850 
910 
1.4M 
2.060 
L180 
1.980 
3.160 
1.830 
2,860 
2,000 
1.920 
l..'W« 
1.750 
1.830 
8.860 
l.tOU 

»0 
120 
440 
460 
.110 
560 
510 
990 
480 
G20 
480 
870 
800 
360 
S40 

m 

2.960 
I,S70 
2.460 
3.800 
2,080 
1,660 
2.070 
1.6fl0 
1.680 
S.ftW 
I.S40 

i.oeo 

2.140 

a.iM 

9.850 
l.SW 

Browni's  thii-d  case  was  studied  in  Deoeniber,  1897. 
The  Uiwd  (TalileCXIJl.)  (.11  adiiussioii  wtiowt-,1  forty-five  per 
ueiil  ul  euaiiiuphiles,  uud  tiiis,  aa  in  this  (wu  previuus  cases,  IikI  w 
the  diagnosis  of  trichiniasis  and  the  subsequent  confiiination  of  that 
diagnosis  by  the  removal  of  a  portion  of  muscle  and  the  discovery 
of  trichinse  therein. 


Table  CXUI.— Cabk  III,— Buwd  Chart. 


DM. 

i>™.>. 

Percent 

Percent 

PerceDt 
(«aiDO- 

neulropblKB. 

nurJrara. 

Dec.  33d 

48.4 

4.7 

1,5 

33d  . 

17,000 

53.7 

8.6 

3,1 

40.4 

371I1. 

4,700,000 

1,'>,300 

42.4 

4.0 

5.6 

45.0 

Jan.    3d.. 

4.300.000 

12,000 

42.3 

4.3 

4.6 

4S.0 

7th  . 

14,700 

31.6 

4,4 

19  0 

44,6 

lOU.  . 

4,546,000 

83,4 

3.0 

81-8 

42.8 

Uth. 

13,000 

8.5.3 

4,0 

33.4 

87.8 

33d.. 

9,000 

45.5 

3.0 

17.7 

84.7 

This  ease  was  seen  subsequently  (July  10th,  1898)  six  months 
after  the  disappearance  of  all  symptoms,  and  the  following  (nor- 
mal) count  was  registered. 
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The  count  made  on  July  10th,  1898,  was : 

Leucocytes  (per  cubic  millimetre.) 7,000 

Polymorphonuclear  neutrophlles 68  per  cent. 

Small  mononuclears 23       ** 

Large  mononuclear  and  transitional  forms 6       ^ 

Eosinophiles 8      "* 

A  fourth  ease  was  reported  by  the  same  writer  in  January,  1899 
(Medical  News),     The  counts  were  as  follows : 


Date,  1808. 

Leuco- 
cytes. 

Percent 
polymorpho- 

nuclenr 
neutrophlles. 

Percent 

small  mono- 

nudeare. 

Percent 
larnre  mononu- 

cleani  and 
transfUonals. 

Eosino- 
philes. 

August    8th 

10th 

18th 

28th 

September    4th . . 
18th . . 
25th.. 

October  2d 

November    5th . . 
13th. . 
20th.. 

18,100 

8.266 
7,900 

9,666 
8,750 

«   •  •  • 

48 

45 

49 

55.2 

61.5 

54 

49 

64.5 

61 

•  •  •   • 

7.8 
14.5 
18.5 
19.6 
16 
19.5 
40 
27 
27 

•  •  •  • 

1.7 

2 

2.5 

2 

2.5 

2.5 

2.5 

8 

4.5 

48 

48 

88.5 

80 

28.2 

20 

24 
8.5 
5.5 
7.5 

In  January,   1900,  Blumer '  and  Neumann  report  a  "  Family 
Outbreak  of  Trichinosis "  including  nine  cases.     The  counts  were 
as  follows : 


Name. 


1.    D.V. 


Case  2.    Mary  C. . 


8.    A.V. 


0Me4.   lfn.D.  V. 


March  8th 
13th 
19th 
20th 

April  1st 

Maix:h  8th 
12tb 
19th 
26th 

April  Ist 

March  8th 
12th 
19th 
25th 

April  1st 

Maix:h  8th 
12th 
19th 
26th 


Leuco- 
cytes. 


19,000 
18,000 
12,400 
20,a00 
13,200 

8,400 
20,000 
17JW0 
12,000 
16,000 

24.000 
14.000 
20,600 
18,000 
16;90O 

8,000 

lim 

13,200 


Percent 

polynu- 

clears. 


47.4 

5a6 
69.6 
78.0 

61.4 
51.6 
89.0 
48.0 
42.0 

66.8 

52.4 

64.4 

66.25 

66.6 

51.0 

60.8 
60.6 
54.0 


Percent 

transl- 

Uonalsand 

large  mo- 
nonudeare. 

Percent 
small 

mononu- 
clears. 

8.8 

3.2 

4.4 

7.6 

5.6 

10.0 

5.0 

12.0 

6.8 

10.0 

10.4 

14.6 

4.8 

16J3 

6.6 

14.6 

4.3 

12.2 

6.4 

3.6 

8.8 

7.8 

2.8 

5J3 

4.0 

6^ 

4.4 

10.4 

7.8 

7.6 

4J3 

18.0 

5.6 

11.0 

5.0 

11.0 

Percent 
eosino- 
philes. 


40.6 

37.4 
14.8 
10.0 

21.8 
23.4 
40.0 
30.8 
ilJi 

33.3 
36.0 
27.6 

28.6 

33.6 
27.0 
82.8 
30.0 
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Gwyn '  reports  a  similar  case  in  which  the  eosinophiles  ranged 
from  33  to  65.9  per  cent  during  a  period  of  six  weeks.  The  leuco- 
cytes were  at  one  time  17,000  per  cubic  millimetre 

Stump '  found  52  per  cent  of  eosinophiles  in  his  case. 

W.  W.  Kerr '  puts  the  following  tiguies  on  record : 


Date. 

1889. 

Red  cells. 

White 
cells. 

Per 

cent 

hsBmo- 

globin. 

Per 

cent 

polynu- 

clear. 

Per 

cent 

small 

lympho- 

cytas. 

Per 
cent 
large 
lympho- 
cytes. 

Per 
cent 
eosino- 
philes. 

Case  1.. 

Nov.    0th 

5,800.000 

25,000 

•   • 

52.0 

1.0 

1.0 

42.0 

10th 

4,888,000 

20,600 

85 

49.4 

8.6 

2.8 

44.2 

11th 

53.6 

5.9 

2.2 

38.3 

• 

18th 

•  ••••   -•• 

41.7 

4.3 

•  • 

54.0 

15th 

88.6 

7.7 

8.2 

52.0 

16th 

35.0 

5.8 

7.6 

52.5 

17th 

18.000 

47.0 

8.5 

15.5 

29.0 

18th 

•••••*•• 

46.5 

10.5 

10.9 

81.1 

20th 

48.0 

8.0 

8.0 

34.0 

22d 

50.8 

2.0 

14.0 

32.0 

23(1 

52.4 

10.9 

6.8 

38.3 

27th 

40.0 

15.0 

4.0 

41.0 

29th 

4,250.000 

10,000 

100 

22.5 

19.8 

14.6 

43.0 

Dec.    3d 

287 

2.8 

10  6 

57.8 

8th 

10.6 

6.0 

14.8 

68.7 

11th 

23.6 

13.2 

14.3 

48.9 

13th 

23.9 

9.8 

5.6 

60.7 

Case  2.. 

Nov.  17th 

41.6 

16.4 

23.9 

18.1 

18th 

53.2 

18.9 

6.0 

21.9 

20th 

37.0 

11.0 

6.0 

45.0 

21st 

34.0 

11.0 

4.0 

50.0 

22d 

20.0 

8.2 

3.2 

68.0 

28d 

15.8 

5.7 

2.1 

76.9 

24th 

10.4 

7.2 

1.4 

81.0 

25th 

10.5 

6.4 

2.4 

80.7 

27th 

3,840,000 

20,000 

77 

17.0 

64 

9.1 

66.9 

29th 

6.5 

3.9 

8.4 

81.2 

Dec.    1st 

4.2 

30 

6.1 

86.6 

2d 

•   •  •  •       • 

11.4 

10.1 

4.9 

73.5 

8d 

10.0 

7.8 

6.1 

76.6 

5th 

14.8 

8.0 

7.0 

70.2 

6th 

0.75 

5.0 

18.8 

76.0 

8th 

8.1 

9.6 

8.6 

78.8 

9th 

10.9 

3.6 

9.0 

72.7 

llth 

11.2 

18.2 

14.2 

56.4 

13th 

8,800.000 

1*7, 000 

13.1 

9.4 

9.3 

68.2 

Harlow  Brooks  *  examined  the  blood  in  one  case,  and  found  at 
the  time  of  admission  to  the  Bellevue  Hospital  (February  2d,  1900) 

'  Centralbl.  f.  Bakt..  vol.  xxvi..  No.  ii. 
»Phila.  Med.  Jour.,  Juue  17th,  1899 
•Phiia.  Med*.  Journal,  August  25th,  1900. 
<Med.  Record,  May  19th,  1900. 
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18,000  leuoooj'les,  with  10  p*r  cent  of  eosinophiles;  on  Febniary 
12Ui,  19O0,  4t  per  cent  of  eosiiinptiilcti;  tlii-uu«  a  steady  incieasi; 
up  to  83  per  ouiil,  followed  by  a  decline,  uutil  oti  March  14tli  IJ 
per  wilt  «f  tM>siDophile§  waa  preaaiit.  Many  of  tht-  granules  were 
Htnaller  thiiii  those  of  uormal  eosinophiles,  but  there  was  iio  evideuce 
of  forms  tfitimitional  Wtweeu  eosinophiles  mid  neutrophiles.* 

V.  P.  Kiiiiiioutt'  reported  a  similar  case,  and  H,  C,  Gordtuier' 
memioiis  two,  one  preeenting  77  per  cent,  tlie  other  29.9  per  cent 
of  eosinophiles. 

Ill  one  of  iHj  oases,  when  the  symptoms  disappeared,  the  eosino- 
philes gradually  returned  to  normal.  Two  years  later  a  relapse 
occurred — not  a  reinfection^aod  the  eosinophiles  l«ecaiue  iucreased 
aa  before — later  decreasing  again  as  the  patient  recovered  from  this 
recradese«iice  of  the  disease. 

SHmmari/. 

In  active  esses  eosinophilia  is  the  rule.  It  probably  occurs  dur- 
ing some  part  of  tlie  course  of  all  iufeetious,  but  in  those  of  long 
Standing  or  quiescent  it  may  disappear.  With  n  recrudescence  of 
the  disease  the  eosinophilia  may  reappear,  its  duration  depending 
proliably  on  the  degree  of  activity  of  the  reactive  process  in  the 
muacltw. 

Diagnostic  Value. 

The  characteristic  blood  lesions  change  trichiniasis  from  the  posi- 
tion of  a  disease  very  difficult  and  uncertain  of  diagnosis  (without 
excision  of  a  bit  of  muscle)  to  one  whose  recognition  is  usually  easy. 
Oases  fonnei'Iy  diagnosed  as  typhoid,  muscular  rheumatism,  or  neu- 
ritis now  find  their  true  interpretation. 

8TnONOYLO!DE8  INTESTINALIS. 

Teissier '  reports  finding  the  embryos  of  this  nematode  in  the 
blood  of  a  patient  in  Guiana  whose  stools  swarmed  with  the  same 
organism.     ItUcklers  has  recorded  the  following  data: 

'  Many  adUitioiial  cases  supporting  these  lisve  been  reported  in  1801  tod 
1803.  Drake  tJoiiraal  Mctl.  Research,  1902)  and  Da  Coata  (Loe.  eil..  p.  485) 
have  sliowD  that  it  Is  possible,  though  eKceedingly  rare,  to  have  trfchiniasii 
witliout  coHinopliilla.  Very  possibly  tt  may  be  true  that  in  long-atandtDg 
coses  the  eosinophilic  resctioa  dies  out  as  it  does  la  UDdnariaaJB. 

'  Praelitioncrs'  8oc.,  February  2d,  1900. 

'  Medieal  Keeord.  October  201h,  1000. 

'  Teissier;  Comp.  rend.  d.  I'Acad.  des  Sciences.  1895,  No.  8. 
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Stronoyloides  Intestinalib. 

Percent. 
EoeiDopbiles 18.6 

Polynuclears 38.6 

Lymphocytes  and  transitional 48 

Strongtloides  Intestinalis  with  Uncinaria. 

Eosinopliiles 15 

Polynuclears 68 

Lymphocytes  and  transitionals 27 

P.  K.  Brown  '  in  a  case  of  strongyloides  intestinalis  with  au- 
topsy reports :  (a)  Red  cells,  3,882,000;  white  cells,  9,400;  haemo- 
globin, 65  percent;  polynuclears,  71.3  per  cent;  lymphocytes,  22.3 
per  cent;  eosinophils,  6.3  per  cent,  (b)  Strongyloides  with  un- 
cinaria and  tricocephalus :  Leucocytes,  7,000;  eosinophiles,  5  per 
cent,  (c)  Strongyloides  with  uncinaria  and  tricocephalus :  Leuco- 
cytes, 7,600;  eosinophiles,  10  percent. 

The  following  data  are  from  Buklers : 


Eosinophiles 

Polynuclears 

Lymphocytes  and  tran- 
sitionals   


GMeL 

Oxyurtoand 
Mcarides. 


19  per  ct. 
58      « 

28      « 


Case  IL 
Ozjurii. 


16  per  ct. 
68      ** 

21      ** 


Casein. 

Oxyurlawith 
aacarldesand 
trichoeeptialus. 


8  per  ct. 
69      •* 

28      ** 


CaaelV. 

Oz3niris  with 
aacarldes,  tricli- 

ocephaluB  and 
Taenia  safrlnata 


5.7  per  ct. 
68.8      " 

31.0      ** 


Table  CXIV.'Ascarides  (alone). 


Eosinophiles 

Polynuclears 

Lymphocytes  and  tran 
sitionals 


Case  I. 


7.4  per  ct. 
55.0      ** 

37.6      " 


Case  II. 


8.5  pcrct. 
55.0      ** 

26.5      " 


CaaeUI. 


9.8  per  ct. 
50.0      ** 

40.2      •• 


CaaelY. 


1.8  per  ct. 


Longridge  (Brit.  Med.  Jaur.j  November  8th,  1902),  in  a  case 
of  tuberculous  peritonitis  with  ascaris  lumbricoides,  records :  Red 
cells,  4,800,000;  leucocytes,  12,400;  eosinophiles,  6  8  per  cent. 

The  report  of  the  Jenner  Hospital  at  Berne  (1890)  includes  the 

account  of  a  case  in  which  ascaris  was  present  in  large  numbers. 

The  blood  showed  but  2,480,000   red  cells  before  the   expulsion 

of  the  parasite  by  santonin;  two  weeks  later  the  red  cells  were 

4,200,000. 

*  Brown:  Boston  Med.  and  Surg.  Jour.,  May  28tb,  1908. 
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Tahlk  CXV.— TvShia  (Backlets). 

Solium. 

Ta^la 

•nmu 

Tmil» 

fiWUaa. 

CueV. 

Twnta 

Bwtuophilee 8.8  p.  ct. 

Pol}  ouclears. 49.4     ' 

Lymphocytes     and 

5.5  p.  ct. 
66.0     " 

29.5     " 

7.0  p.  ct. 
42.0     - 

61.0     - 

5.0  p.  cl. 

10.0  p.  d 

In  a  case  of  infection  of  the  skin,  with  ttenia  solium   ("La- 
drerie")  Acliavd  and  Loeper'  found  eleven  per  cent  of  eosUiojiliiles 
(649  aliacliitely).     Marie  and  Gnillain  *  in  a  similai'  case  found  nor- 
mal blood 

In  onlinary  intestinal  infections  witJi  tapeworm,  many  of  which 
I  have  examined,  eosinophiliu  ia  not  usually  to  be  fuuiid  at  the  time 
when  the  patients  present  themselves  for  treatment. 

T^NIA  INEHMIS. 

Launoia '   and  Emile-Weil  found  eosinophilia  throughout  the 
of  infection. 

AMffiBIC  DYSENTERY. 

Amberg'  noted  in  five  cases  the  presence  of  eosinophilia  with 
leucocytosis  and  aneeiuia.  Fut«her'  found  the  average  leucocyte 
count  in  43  cases  to  be  10,600  with  no  increase  of  eosinophiles  in 
"a  number"  of  cases  examined  with  reference  to  this  point. 


TRIC0CEPHALU8  DISPAR, 

P.  K.  Brown  (loc.  clt.)  reports  that  in  twelve  cases  in  which  this 
parasite  was  the  only  one  found  in  the  stools  the  eosinophiles  rarely 


fell  below  five  per  cent. 

Ostrovsky '  has  recorded  a  c. 
to  this  parasite. 


apparently  due 


'  Acliard  and  Loep«r:  Soc.  Med.  d.  Hflp,,  1900.  p.  8C7. 
'  Hade  and  Ouillain :  Ibidem.  November  8th,  1901. 
■LauDois;  Sem.  Med..  November  13th,  1902. 
'AmbtTg:  Johns  Hopkins  Bull.,  Dcccmhcr.  1901. 
■Futcher:  Joiirti.  Am.  Med.  Assd.,  August  33d.  1908. 
•  Ostrovsky:  Hef.  in  N.  Y.  Med.  Jour.,  1900.  vol.  78,  p.  BM. 


CHAPTER  XIII. 
DISEASES  OF  THE  SKIN. 

DERMATITIS  HERl^TIFORMIS. 

According  to  Leredde,  who  has  written  extensively  on  the  con- 
dition of  the  blood  in  this  disease,  the  following  terms  are  in  use  to 
designate  the  same  actual  set  of  facts:  Dermatitis  herpetiformis; 
DUhring^s  dermatosis;  Polymorphous  prurigiiious  dermatitis;  Hy- 
droa  (Unna);  Pempliigus  vegetans  (Neumann);  Hallopeau's  infec- 
tious dermatosis;  Herpes  gestation  is. 

In  all  of  this  he  finds  marked  constant  eosinophilia,  averaging 
16  per  cent.     At  times  the  percentage  may  reach  25  or  30. 

My  own  experience  includes  three  cases,  one  diagnosed  as  der- 
matitis herpetiformis,  the  others  as  hydroa  sestivale.  The  counts 
were  as  follows : 


Poly  nuclear  neutrophiles.. 

Small  lymphocytes 

Large  lymphocytes. , 

Eosinophiles 

Myelocytes 


Case  I. 
Dennatliis  berpe> 
tiformis. 


47  per  cent 
25    **      " 
8    "       u 
19    «      u 

1        U  tt 


Case  II. 
Hydroa  sesdvale. 


u 


40.0  per  cent 

42.4 

8.6 

8.2 


u 


u 


Casein. 
Hydroa  SBStivale. 


34  per  cent 
48    **     " 

8    "     " 
15    "     " 


Brown  *  reports  the  following  figures  in  a  case  of  dermatitis  her- 
petiformis (twenty-seven  years'  duration): 


Red  cells 

White  cells 

Polynuclear  neut 
Lymphocytes . . . 
Eosinophiles 


June  12tli, 
1889. 

June  17tt), 
1889. 

June  SStti, 
1889. 

Juneaoth, 
1809. 

5,128,000 
14,000 

5.163,000 
9,000 

Per  cent. 
32.8 
88.0 
29.2 

Per  cent. 
81.3 
24.4 

44.8(0 

Percent 
29.25 
34.5 
86.25 

Percent 
89.25 
21.5 
89.25 

Sept  .'Hh« 
1889. 

5,808,000 
9.700 

Per  cent 
86.0 
84.4 
29.8 


"Sec.  for  Original  Research,  Conn.,  October  12th,  1899. 
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Table  CXVI.— Ehtthbma  Mum 


i 

Ab". 

Bcd»ll>. 

While 

wlU. 

Pprwnt 
(Tioliln. 

OemuU. 

1 

i 

8 
4 
6 

e 

7 

87 

IB 
43 

17 
39 

•M 

IB.TOO 

30.400 
19.900 
IH,400 

6,800 

11.400 

P.300 

s.aoo 

7.000 
6.150 

in 

70 

in) 

tlicniB  nodoBuni  nad  multifonne. 
Second  Any.    Temperamre  103°. 
Sixlli  dnv.     Temperature  08°. 
Tempomture  104'. 

philes  not  A-. 
Nodosum. 

Temperature  103', 

August  eth.  mn.  count.  600  eells: 
Polynuclear.  7S.5  per  cent,  lymphn- 
cyles,  aO:  eosioophiU-s.  4.5. 

September  2(1.     PolynuMear.   78    ptr 

3. 
Diff.  count.  4M  eelh    Polynuclear,  6> 
per  cent:  lympbocj-tes.  30 ;  eosiau- 

philes,  I. 

IIEltPE.S   TONSL'HANS. 

Mark  A.  Brown '  records  this  blood  count:  White  cells,  10,700; 
of  these,  theie  were  eosiiiophiles,  25.2  per  cent;  polynucleata,  45.6; 
lymphocytes,  29.2. 

HERPES  ZOSTER. 

Sabraz^s  and  Matliis  (Rev.  de  Mid.,  1901,  p.  251)  studied  seven 
eases.  They  found  no  changes  in  the  red  celts  or  in  the  hemoglo- 
bin. There  was  leucoeytosis  increasing  until  the  third  day,  then 
decreasing  until  the  period  of  desiccation,  when  a  slight  secondaiy 
rise  occurred.  In  two  weeks  the  blood  was  normal.  On  the  first 
day  the  counts  were  from  11,000  to  16,000;  on  the  third  they  aver- 
!ige(l  17,900,  on  the  fifth,  13,000.  Throughout  this  period  there 
was  an  increase  of  polynuclear  cells  and  eosinophiles  with  a  few 
myelocytes.  The  eosiiiophiles  reached  their  maximum  in  the  des- 
quamative period — 8  to  20  per  cent  (800  absolutely). 

Bettmann  {toe.  rit.)  had  previously  reported  eosinophilia  in  a 
single  case. 

'  In  Conn.  Lancet  Clinic,  December  S3d,  190a 


PSORIASIS. 


507 


ACUTE  ECZEMA. 


• 

•  Age. 

RedoeUi. 

Wblte 
cells. 

15,000 

18,200 
10.200 

Percent 
bsmo- 
fflobin. 

1 

22 

95 

•  t 

•  • 

Remarks. 


April  8d.  Diflf.  count,  800  cells :  Poly- 
nuclear,  74. 7  per  cent ;  small  lympho- 
cytes, 16.6;  large  lymphocytes,  5  3; 
eosinophiles,  8.4. 

May  5th.  Diflf.  count,  400  cells:  Poly- 
nuclear,  68.7  percent;  small  lympho- 
cytes, 26;  large  lymphocytes,  7; 
eosinophiles,  8.8. 

May  7th. 

May  19th. 


The  above  data  are  from  a  recent  case  at  the  Massachusetts 
Hospital.  Stengel  and  White  (loc,  eit.)  record  7.9  per  cent  of 
eosinophiles  in  a  single  case. 

CHRONIC  ECZEMA. 

Thomas  R.  Brown  *  reports  a  case  of  chronic  eczema,  studied  at 
the  Johns  Hopkins  Hospital,  in  which  three  counts  showed  22.6  per 
cent,  24  per  cent,  and  22  7  per  cent  of  eosinophiles. 

Zappert  (loc.  cit,)  notes  a  similar  case  with  8,600  leucocytes  per 
cubic  millimetre,  9.9  per  cent  of  which  were  eosinopiles  (843  abso- 
lute). Bettmann  (loc,  cit,)  records  45  per  cent  eosinophiles  in  a 
similar  case. 


SCLERODERMA. 


Two  cases  in  Zappert' s  series  showed : 


1. 
2 


Leucocytes. 
.   16.690 

.     9.000 


Percent 
eosinophiles. 

9.4    (1,580  absolute.) 
7.7    (    694        **        ) 


PSORIASIS. 


One  of  Zappert's  cases  had  8,600  leucocytes,  with  9.8  per  cent 
of  eosinophiles  (850  absolute).     Bettmann  confirms  this. 

» Jour,  of  Exp.  Med.,  vol.  Hi.,  p.  820. 
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PEMPHIGUS.                                                     ■ 

nepoHBT. 

».. 

Rulwlla. 

W^tec,. 

Znppert.  . . 
7*pperl.  . 

1 

3 
3 
4 

8.MS000 
3,040.000 

4.130.000 

6,300 
10,000 

l.tMO 
18,000 

83.0  (1,7M  abBOlultV 

14.1  11.000  absolulr I. 
30.3  (4,800  absoluT*). 

15-24  (1.730-8,120  abtL) 

This    is    confirmed    by   Neusser'  and  Canon,' and   Bettniauu.' 
liiMwn '  in  thiee  cases  found  3  per  cent  (360  absolute),  6  per  i-eiil 
(750  absolute),  and  in  the  third,  no  iuerease.     Cae'  iu  one  case 
found  50  per  cent,  or  6,000  absolute. 

LUPUS- 

Two  cases  (Zappert).     Bettmann  (/or.  cif.)  confirms. 

CMC*. 

Red  Kill. 

WWlemlK- 

Pa  «)t  eotiaopbUaa. 

3.224.000 
4,260.000 

o.soo 

9.450 

12.3(1. 136  iib«nliiUO. 
T.))(600abaolul«). 

DRUG  ERUPTIONS. 

Iodide  of  potash  °  eruptions  have  been  found  by  two  observers 
to  be  associated  witli  eosinophilia  (14  per  cent). 

Mtrciirial  dtrtiiatitis,''  and  the  eruptions  produced  by  picric-acid 
solution  ■  applied  externally  for  a  burn,  have  likewise  pi-oduced 
eosinophilia  (15  per  cent)  with  the  latter.  Zappert  has  seen  a  simi- 
lar result  from  the  rash  of  sodic  salicylate,  and  in  Ehrlich  and  Lin- 
denthal's  case  of  nitrohenxol  poisoning  (vide  tupra,  page  410)  the 
same  thing  was  observed. 

Brown's  ease  '  of  acute  acetauilid  poisoning  with  12  per  c«nt  of 

I  Neusser:  Wien.  klin.  Woch.,  1803,  p.  41. 
'Cauon:  Dent.  mcd.  Woch.,  1893.  p.  206. 
'  BelLman :  Loc.  eil. 

•Brown:  Maryland  Med.  Jour.,  April,  1901,  aailjiily,  1003. 
'  Coe:  AmiT.  Med.,  June  38111,  1903. 

'Urrccle:  Preasc  Jled.,  1898,  No.  106  Seiferl  and  Wurzburg:  Physic.- 
Med.  Ge«-llscli,  February.  1903. 

'HoKinHn:  Berl.  klin.  Woch.,  Sppit-mber  29th,  1003. 
•AcLard  and  Clerk;  Qa?..  Hebd  .  1800,  No.  81. 
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eosinophiles  (3,600  absolute),  though  without  eruption,  probably 
belongs  in  this  class,  as  does  that  of  von  Noorden,  previously  men- 
tioned (^vide  supra,  page  109). 

In  bulloxis  dermatitis  following  vaccination  Bowen  '  records : 


Case. 

Red  cells. 

Wblte 
cells. 

Percent 
bsemo- 
globin. 

Per  cent 

poly- 
nucleare. 

Per  cent 
lympho- 
cytes. 

Per  cent 
eoslno- 
pbiles. 

Remarks. 

1 

•  •  •  • 

65 

...  * 

63 
71 
48 

19 
16 
80 

18 
18 
21 

• 

Nov.  28tb,  1899. 

2 

5,100,000 

7,400 

Dec.  16th.  1900. 

EPIDERMOLYSIS  BULLOSA  HEREDITARIA. 

Coluinbini '  found  8  to  10  per  cent  of  eosinophiles,  and  Brown ' 
97  per  cent  (1,100  absolute). 

XERODERMA  PIGMENTOSUM. 

Okamura  (Arch,  /.  Dermat,  u.  Syph,,  February,  1901)  notes  a 
leucocytosis  averaging  over  40,000  in  three  cases,  in  two  of  which 
there  was  moderate  eosinophilia. 


DERMATITIS  EXFOLIATIVA. 

Pitkianen  (lac,  cit,)  finds  a  considerable  eosinophilia  from  the 
first  day  of  the  disease  and  contrasts  the  blood  with  that  of  scarlet 
fever  in  which  the  eosinophilia  comes  later  and  is  less  marked. 

'  Bowen:  Jour,  of  Cut.  and  Qen.-Urin.  Diseases,  September,  1901 
*Oolumbini:  Monatsch.  f.  pract.  Dermat.,  May  15th,  1900. 
'Brown:  Maryland  Med.  Joum.,  April,  1901,  and  July,  1902. 


CHAPTER  XIV. 
THE  BLOOD  IN  PREMATLTIE  INFANTS. 

Ekosl  ("Leitfatieii  z.  klin,  Uiitersiich.  des  lilutes,"  Berlin, 
1903)  studied  the  blood  of  au  eml>ryo  23  cm.  long,  the  heart  sdU 
beating.  He  found:  Red  cells,  3,300,000;  white  cells,  12,50(1; 
liffiiuoglobin,  80  pei-  cent  {i.e.,  notably  high).  There  were  27,500 
nucleated  red  cella  per  cubic  iniilinietre,  mostly  normoblasts,  with 
}iolyuhroinatophilic  protoplasm.  Great  vanations  in  size  and  stain- 
ing reactions  were  also  present  in  the  non-nucleated  red  cells. 

Among  the  leucocytes  were  many  niyelocytea  and  mononuclear 
eosiuopbiles.  Fiachl  {ZfUsch.  f.  HfUk.,  1892)  believes  that  Uie 
cosiuophiles  do  not  enter  the  blood  until  after  the  seventh  month  of 
pregnancy. 

THK  BLOOD  IN  INFANCY. 

I.  All  the  siyns  bii  ivhieli  sickness  is  shown  in  the  blood  of  adults 
are  exaggerated  in  children.  Their  blood  is  apparently  more  sensi- 
tive to  the  action  of  any  morbid  influence.  Causes  leading  to  but 
slight  aniemia  or  leueoeytosis  In  the  adult  produce  grave  anemia 
and  very  marked  leueoeytosis  in  children.  Into  the  reasons  for  this 
I  shall  not  attempt  to  enter.  The  increased  toxicity  of  their  seruai 
compared  to  that  of  adults,  and  the  relatively  recent  establishment 
of  the  functions  for  producing  and  destroying  blood  have  been  sug- 
gested as  explanation. 

Comparatively  slight  hemorrhages,  gas tro- intestinal  or  respira- 
tory disordei's,  which  would  not  impoverish  an  adult's  blood  may 
produce  considerable  anaemia  in  a  young  child. 

II  All  forms  of  anEemia  in  infancy  ai-e  apt  to  be  associated  with 
enlarged  spleen. 

III.  I  have  already  alluded  to  the  polycythaemia  and  leucocy- 
to.sis  of  the  new-born,  and  the  gradual  fading  out  of  these  relative 
abnormalities  as  the  child  grows  up.  Cars  tan  jen's '  fine  studies 
'CarstanjeD;  Yalirb.  f.  Kiodeth.,  vol.  G2,  1900. 
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lead  him  to  the  following  conclusions :  At  the  moment  of  birth  «ind 
for  the  next  twenty-four  hours,  the  infant's  blood  contains  about 
seventy-five  poly  nuclear  cells  in  every  one  hundred  leucocytes. 
After  the  first  day  the  per  cent  of  polyuuclear  cells  rapidly  sinks, 
while  the  lymphocytes  increase,  luitil  by  the  sixth  or  ninth  day  of 
life  the  two  forms  are  about  equally  numerous.  By  the  twelfth  day 
the  blood  has  taken  on  the  pictui-e  which  it  retains  for  the  first  ten 
mouths  of  life — i.e. :  Polynuclears,  36  per  cent;  lymphocytes,  45; 
large  mononuclears,  1;  transitional  forms,  18;  eosinophiles  1  to  3 
Mast  cells  and  myelocytes,  very  scanty. 

From  this  time  on  the  polynnclea\*  cells  gradually  rise  and  the 
lymphocytes  fall  until  the  fifth  year.  During  the  first  five  years 
Carstanjen's  averages  are  as  in  the  following  table. ' 


Year. 

Per  cent 
polyouelear. 

Percent 
lymphocytes 

and 
translUonals. 

Per  cent 
eoainopbiles. 

One  to  two 

42 
48 
52 
61 

55 

48 
48 
33 

8 

Two  to  three  

4 

Three  to  four 

5 

Four  to  five 

6 

After  this  period  the  percentages  are  practically  the  same  as  in 
adult  life. 

As  regards  the  red  cells  we  need  to  remember  that  in  the  blood 
of  the  new-born  there  are  normally  very  great  variations  in  the 
size,  shape,  and  staining  reactions  of  the  red  cells,  and  that  deficient 
rouleaux  formation  is  the  rule.  Normoblasts  are  usually  present  in 
the  earliest  days  of  life  and  megaloblasts  are  occasionally  found, 
but  in  healthy  children  both  varieties  are  very  scanty  after  the  third 
day,  and  never  occur  after  the  seventh  month.'  In  Warfield's  cases 
the  normoblasts  averaged  about  11,000  per  cubic  millimetre  on  the 
first  day.  In  judgments  as  to  the  presence  or  absence  of  leucocyto- 
sis  in  infancy,  these  physiological  variations  are  too  often  lost  sight 
of,  especially  as  the  proper  leucocyte  coimt  for  any  given  infant  de- 

>  The  figures  of  Japha  (Jahrbuch  f.  Kinderh..  1901,  vol.  63,  p.  179),  Kar- 
nizkl  (Archiv  f.  Kinderh.,  1908,  p.  42),  and  Warfield  (Am.  Med.,  1902,  vol. 
zxxvi.,  p.  457),  are  practically  identical  with  the  above.  Japha  found  the 
average  total  leucocyte  count  to  be  13,560  in  twenty-two  healthy  infants 
under  one  year. 

'Kamizki:  Arch.  f.  Kinderheilk.,  1908,  p.  42. 
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pendrt  not  siiiijtly  on  its  age  but  on  the  back irardn ess  or  forward- 
ness  of  its  development  As  with  the  fontanels,  tlie  giowth  of  the 
blood  townrd  aditlt  conditions  in:iy  lie  leUiided  by  congenital  weak- 
uess  (iufaiiHle  atiopliy,  niatafliiiua)  or  inherited  disease  (tuljei-eu- 
loBia,  aypbJUnj  an  well  as  by  auquiitid  uickneRH  (rickets). 

Under  the  iiitineiice  of  any  of  these  drawlmcks  a  sick  child's 
blood  may  be  no  further  developed  at  three  years  than  Cliat  of  a 
httdlthy  phihi  of  eighteen  mouths. 

IV.  VVUeii  we  remember  that  in  early  infancy  the  leucocytes 
differ  from  tlinse  of  adults  not  only  in  number  but  In  that  the  lym- 
phocytes are  relatively  more  iiUmerous  ("  lymphocytosis  of  infaiioy  ") 
we  shall  iiudcrHtAnd  that  any  influence  like  rickets  or  syphilis,  which 
retards  development,  will  show  lymphocytotfis  together  with  the 
increased  leucoeyte  count.  Qualitatively  as  well  as  quantitatively 
the  blood  reverts  to  a  more  infantile  condition. 

Under  pathological  conditions  th«  red  cells  revert  to  the  earlier 
typo  just  di'ScnLted,  and  deformed  or  nucleated  corpuscles  are  plen- 
tiful Tlus  is  more  marked  than  in  anaemia  of  the  same  grade 
occurring  in  adults.  An  annmia  that  shows  but  tlittty  nucleated 
erythrocytes  per  cubic  millimetre  in  an  adult  might  show  ten  times 
that  uuml>er  in  a  child. 

V.  As  i  said  before,  all  blood  changes  are  exaggerated  in  in- 
fancy. This  includes  such  physiological  changes  as  the  digestion 
leucocytosis  or  that  following  cold  bathing,  and  changes  in  the  de- 
gree of  dilution  or  concentration  of  the  blood  seem  to  l>e  similarly 
exaggerated,  as  is  seen,  e.y.,  in  the  pliysiologieal  variations  in  the 
specitie  gravity  of  tlie  serum  (Hock  and  Schlesinger ').  According 
to  Head "  disease  such  as  typhoid  meningitis,  pneumonia,  or  appen- 
dicitis, affect  the  blooil  of  children  (after  the  second  year)  exactly 
as  they  do  tlic  bhiod  of  adults. 

VI.  The  ha^iiioijloliin,  though  relatively  high  at  birth  and  for 
the  first  few  weeks,  is  lower  than  that  of  adults  during  the  rest  of 
childhood  The  high  percentages  of  the  earliest  weeks  are  not  due 
to  a  ijolycythaemia,  but  to  a  geuuine  increase  of  hffimoglobin  in  the 
individual  cells  (SchifE*),  color  indexes  being  often  over  1. 

It  is  indispenable,  therefore,  that  we  should  know  the  d^e  and 
degree  of  development  of  a  child  hefore  we  can  draw  accurate  infer- 

'  Hock  and  Schlwiiagerr  Centralbl,  t.  klin.  Med..  1891. 
'  Head:  Picdiatrirs,  Fwbriiary,  1900. 
•ScbiS:  ^'it.  f.  Hdlk..  vol.  xi..  1890. 
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s  from  its  blood.     In  mauy  of  the  cases  reported  in  literature 

■we  are  unable  to  judge  whether  the  blood  condition  is  pathological 

or  not,  l»eeause  the  age  of  the  child  is  not  given.     For  example,  v. 

Limbeck '  notes  a  case  of  acute  gastritis  reported  by  Fischl  *  as  hav- 

I  unusually  high  percentage  of  lymphocytes  (59.4  per  cent). 

KBut  this  is  physiological  in  the  lirst  days  of  life,  and  may  have 

§|beeu  ao  in  this  ease,  the  age  not  being  given. 

Observations  of  this  aovt  should  always  represent  a  comparison 
Kltetween  the  eouditiona  present  be/ore  and  during  sickness  in  ques- 
ya. 
Bearing  these  general  considerations  in  mind,  we  shall  be  better 
Rkble  to  find  our  way  among  the  complications  and  perplexities  of 
6  blood  conditions  in  infancy. 

THE  BUMMER  DIARRHfEAS  OF  INFANCY, 
Japha  (/or.  cit.)  in  gagtro-intetitinal  catarrh  (foul  mucous  stools 
ind  fever)  found  an  increase  iu  the  polynuclear  cells  (47  to  55  pec 
cent,  normal  =  42  per  cent)  which  raised  the  total  count  to  a  vary- 
ing extent — once  \a  36,000. 

\n  faliv^ilat  fnterit'ui  (blood  and  mucous  stools  with  wasting  and 
rith  or  witliout  fever)  practically  the  same  conditions  obtain  (poly- 
^uclears  average  60  per  cent;  lyiophocytes,  35  jwr  cent;  total  count, 
'  5,000  to  38,000). 

In  fhote.ra  infantum  a  higher  leucocyte  count  ocunned — SI, 000 
9  64,000— with  polynuclear  65  per  eent  and  lymphooytfis  25  per 
le  average. 

Knox  and  Warfield'  found  practically  similar  results.     They 
e  also  that  eosinophiles  are  often  diminished  or  absent  in  each  of 
e  groupa  of  cases.     The  degree  of  lencocytosis  seems  t«  be  of 
(t  diftgnoBtic  or  prognoBtic  value. 

THE  AN.^MIAS  OF  INFANCY. 

As  above  mentioned,  aneemic  infants  are  apt  to  have  enlarged 

Ipleens      This  may  be  due  either  to  the  aneemia  or  to  some  disease 

'  accompanying  or  underlying  the  ancemia  (e  J-,  rickets,  syphilis).     It 

seems  more  probable  tliat  the  hypertrophy  is  not  directly  or  exclu- 

si^-ely  de]<endenl  on  the  anemia,  inasmuch  as  similar  blood  changes 


'v.  Limberk.  /y**.  eil..  p 
•Fischl.  Zcit.  t.  ndlkmi.1 
'  Knos  Bod  Warfleidi  Join 
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.  Hupkiiis  Hull.,  July,  ]W)2. 
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are  found  without  splenic  eiihii'gement.  By  far  tlie  gi'catpr  numbfr 
of  rt-jiorted  (.lust^s  of  severe  iufautile  aneeinia  tint  iiucoiuj>auit?<l  ur 
caused  by  such  dtaeases  as  rickets  and  liei-editary  sypliiliK,  both  of 
wliir.h  may  causu  eplenid  hypeqilasia  even  when  iki  aiitemia  is  prv^t- 
ent.  It  oeeins  probable  that  the  anwinia  and  the  cnlargomctit  of 
thtt  flplticii  ai-e  alike  syiiiptcjiiiatic  of  ait  iindcvlying  disorder. 

It  does  not  aviim  to  mu  that  wc  con  reiM)giiiiu;  in  the  blood  of  in- 
f antH  iuty  of  the  well-detined  types  of  anaioia  which  we  have  learned 
to  correlate  in  adults  with  a  definite  set  of  ttyniptxiius  and  a  di-fiiiiu- 
prognosis.  All  such  disiinotious  aa  iwnucioua  aasmia,  secondary 
aniumia,  splenic  annimia,  or  r^hlorosis  are  bhirrud  in  infancy.  A 
blood  which  ui  adalt  life  would  mean  pernicious  anfpmia,  and  so 
death  in  ninty-uine  per  eeut  of  the  cases,  is  compatible  witli  a  npeedy 
and  permanent  recovery  in  infancy. 

lu  the  midst  of  this  confusion  we  may  note  the  following  jiraise- 
worthy  efforts  to  Hccure  oider, 

1.  Some  writers  (e  j.,  Luzet')  divide  the  anieinias  of  infancy 
into  two  idaascs:  those  witli  splenic  enlai'geraeut  and  those  without 
it.  Luiiet  considers  that  the  former  class  ia  severer  than  the  latter 
Mid  more  apt  to  show  large  numbers  of  nucleated  red  corpuaclea 
than  those  with  nonual-siited  spleens.  This  classification,  huwevfi-, 
does  not  always  hold.  We  may  have  very  severe  an%mia  wirhoui 
splenic  enlargement  and  splenic  enlargement  with  slight  anfeiiiiii, 
and  the  presence  or  absence  of  numerous  nucleated  red  corpuscles  is 
governed  by  conditions  olbei'  than  the  size  of  the  spleen, 

2.  Anot)]<'r  classification  of  children's  umemias  was  proposed  iu 
189^  l>y  Monti  and  Herggrlln  ("Die  clironisohe  AnAniie  im  Kindes- 
altcr,"  Leipsic,  1892).  Tliey  divided  the  cases  into  the  mi/d  and 
tlie  ijrai-e,  eauli  group  being  subdivided  into  those  with  leucocytosis 
and  those  without  it. 

[^umve  -  j  Without  leucocyiosis. 

They  rightly  discard  the  term  "splenic  anaemia,"  corresponding 
as  it  does  to  no  single  set  nf  blood  changes.  The  above  classilicn- 
tion  puts  pernicious  ana;niia,  leukemia,  and  anaemia  infantum  pseu- 
doleukiemifa  (v.  Jaksch)  in  a  different  category. 

(d)  Mild  cases  of  secondary  anaemia  show  no  deformities  in  the 
'Lusutj  Diss.,  PariB,  1891. 
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shape  or  size  of  the  red  cells.  The  color  index  may  or  may  not  be 
low.  The  cases  with  leucocytosis  are  much  more  numerous  than 
those  without  it  and  more  apt  to  have  a  low  color  index;  in  other 
words,  the  loss  of  corpuscle  substance  is  greater  and  the  cases  are 
approaching  the  imaginary  boundary  between  "mild"  and  "grave." 

(b)  The  grave  cases  have  poikilocytosis,  and  of  course  a  greater 
reduction  of  corpuscle  substance. 

"  Chlorotic  "  conditions,  and  most  but  not  all  those  with  enlarged 
spleen,  come  under  this  heading;  also  most  of  those  due  to  heredi- 
tary syphilis,  prolonged  diarrhoea,  and  rickets. 

In  1894  Monti  *  gave  the  followuig  classified  lists  of  the  com* 
monest  antecedents  of  secondary  anaemia  in  infancy : 


due  to. . .  1  j,j,,j,^^  ^.j^  ^ 


the  mother  during  pregnancy. 


2.  Acquired .  . 


1.  Hemorrhage.  - 


r  From  navel. 
After  circumcision. 
Scurvy,  purpura,  haemophilia,  WerUiof's 

disease,  meleena. 
'  Inanition. 

Bad  hygiene  (lack  of  light,  air,  etc.). 
Post -febrile. 

Nephritis,  diarrhcBa,  serous  effusions. 
^2.  Other  causes.  -{  Syphilis. 

Rickets. 
Suppuration. 

Diseases  of  liver,  spleen,  bone,  or  lymph 
glands. 

He  points  out  that  cases  with  leucocytosis  are  usually  graver  than 
those  without  it  and  may  develop  int«  pernicious  anaemia;  also 
that  the  presence  of  leucocytosis  does  not  point  to  malignant  disease, 
suppuration,  or  any  of  the  causes  which  usually  account  for  it  in 
adults. 

Grave  cases  with  leucocytosis  in  infants  under  twelve  months  are 
apt  to  develop  into  the  anaemia  infantum  pseudoleukaemica,  or  into 
true  leukaemia  or  pernicious  anaemia. 

On  the  whole,  the  division  of  Monti  and  Berggrtin  seems  much 
better  than  that  according  to  the  particular  causes,  e.g.j  "rachitic 
anaemia,"  "syphilitic  anaemia,"  etc.,  for  there  is  no  particular  set 
of  blood  changes  that  follows  rickets,  syphilis,  or  any  other  disease. 
lu  connection  with  various  diseases  of  infancy,  and  particularly 

'  Wiener  mcd.  Wooh.,  1894. 
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wiih  those  last  named,  we  may  have  aiiseinia  of  any  grade  of  severi- 
ty, from  that  reducing  the  red  cells  to  4,000,000  down  to  cases  with 
ouly  500,000  red  cells  per  cubic  laitliinetre  or  even  less.  The  worse 
thi-  irase  is  the  nioi-e  likely  13  it.  to  be  accoinjianied  hy  leucocytosi* 
and  the  more  nuuieroua  will  be  the  nucleated  red  eorpusclea,  alwaja 
more  niim<?rous  here  than  in  antemia  of  adults. 

In  nnphiliit,  hereditaiy  or  acquired,  the  ted  cells  may  fall  below 
1 ,000,000  hihI  tile  leucocytes  may  rise  as  high  a^  o8,000  (IjOus) 
The  Uffimoglohin  may  be  proportionally  diinintshfd,  or  may  be  even 
lower  than  the  percentage  of  red  cells,  so  tliat  a  "chlorolic  "  condi- 
tion obtains. 

Such  cases  huve  been  rallied  ehloroaU,  but  it  aeema  better  to  con- 
fine this  term  to  amemia  of  unknown  origin  ami  fiivomblr  course 
(tccurring  in  women  noon  after  puberty,  since  obviously  secondary 
eases  may  have  similar  blood. 

Ricketn  in  3  case  observed  by  v.  Jaksi^h  caused  a  fall  of  the  r«i 
veils  to  750,000,  and  Luzet  counU'd  1,590,000  i»  a  similar  case. 
Tlie  liieinoglobin  is  usually  low,  but  Hock  and  Schlesinger  found 
(iO  jwr  eent  with  2,300,000  red  cells,  a  color  index  of  1.2+. 

Jjencocytosis  may  occur  even  when  no  nn«uiia  is  present.  Hock 
and  Schlesingrr  found  4.'i,000  leucocytes  in  a  rachitic  child  of  six- 
teen months,  sound  in  other  respects  and  not  anwrnic.  Acute  gas- 
tritis causes  at  first  only  leucocytosis  (with  increased  percentage  of 
lymphocytes).  If  it  becomes  chronic  the  reduction  of  red  cells  is 
severe.  Hayem  found  only  685,000  i-ed  cells  per  cubic  millimetie 
in  ail  infant  of  two  months,  though  recovery  eventually  took  place. 

In  titbereulosia  of  the  lungs  and  peritoneum  in  a  child  of  seven, 
Monti  and  Berggrtln  counted  3,230,000  red  and  17,200  white  cells 
with  52  per  cent  of  hffimoglobin. 

Qualitative  Changes. 

The  exaggeration  characteristic  of  all  blood  changes  in  infancy 
extends  to  tlie  presence  of  nucleated  red  corpuscles,  which  in  all 
foi'UiB  of  infant's  anemia  are  very  numerous.  What  has  been 
described  on  ]>age  85  as  the  typical  megaloblast,  a  large  pale- 
stained  nucleus  in  a  very  large  cell  (see  Plate  IV.),  is  relatively 
rare  in  infancy.  The  nuclei  are  almost  always  stained  whatever 
their  size,  and  apt  to  be  small.  Dividing  nuclei  are  very  common, 
both  by  karyolysis  and  karyokinesis.     These  changes  are  most  often 


mi 
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mild  ill  the  anaemias  uf  the  severest  type  aud  those  which  resemble 
iksemia  (see  page  525),  liut  may  occur  in  any  marked  aecondavy 
iinia,     Polychromatophilic  and  "  degenei-ative  "  changes  are  very 
>mmon  in  severe  cases. 
The  iiicreaised  leucocyte  count,  so  frequently  found,  is  often  made 
up  of  a  majority  of  lymphocytes.     This  change,  as  above  said,  is 
Dot  characteristic  of  i-ickets,  syphilis,  or  any  other  caust-  of  anjemia, 
to  be  regarded  as  a  mark  of  the  arrest  of  development  or 
iversion  to  an  earlier  type  of  tissues  brought  about  by  various  dis- 
tes  in  early  infancy.     Sometimes  the  large  lymphocytes  and  some- 
times the  small  are  in  excess,  and  for  a  time  the  blood  may  siiiiu- 
tate  closely  that  of  lymphatic  leukseinia,  aa  the  following  cases 
illustrate. 


I 


r  Thecases  in  the  following  table  (from  Fowler:  Brit.  Med.  Jour., 
September  6th,  1902)  are  tabulated  in  the  order  of  their  severity. 
The  splenic  cnlargemeut  was  present  in  all  cases  and  rickets  in  all 
but  two;  but  Morse  h.as  shown  that  similar  blood  changes  may 
occur  with  no  splenic  eiilaigement  (see  page  622).  Four  of  the 
patients  died  with  broncliopneuiiionia,  three  recovered,  and  the  re- 
sult of  the  rest  is  uucertaiu. 

Poikilocytoais  was  slight,  but  variations  in  size  and  in  staining 
intion  wei'e  common  and  marked.  Megaloblasts  were  found  in  13 
,  but  never  exceeded  one-quaiter  of  the  number  of 
irmoblasts.  Contrary  to  the  rule  in  the  anaemia  of  adults,  nu- 
tated red  cells  are  here  numerous  even  in  some  of  the  mild  cases. 
6  of  tlie  eases  tlie  average  percentage  of  small  lymphocytes  was 
;  large  lymphocytes,  21;  and  transitionals,  12.3.  "Transitional 
ratrophiles"  (see  page  102)  were  present  in  all  cases. 
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A  further  qualitative  change  already  alluded  to  (see  page 
111)  in  tlie  oecuiieiice  of  myelnrytes.  We  liave  seen  that  small 
percentages  of  these  eells  are  not  inicomiiionly  seen  in  the  anaemias 
of  adults.  Now  tliis,  like  all  other  blood  changes,  is  exaggerated 
in  infancy.  Myelocytes  are  more  apt  to  appear  and  in  greater  mim- 
l>ers.  TJieir  [nesence  is  not  cliavacteristic  of  any  one  disease,  but 
they  arc  commonest  iri  tlie  sevorev  types  of  secondary  aneemia,  snch 
as  those  following  sypliiliii  and  rickets.     Their  significance  19  about 
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the  same  as  that  of  normoblasts.*  At  times,  however,  they  are  so 
numerous  as  to  make  us  hesitate  somewhat  before  we  exclude  splenic- 
myelogenous  leukaemia. 

This  brings  us  naturally  to  the  discussion  of  the  difficulty  of  dis- 
tinguishing the  different  blood  diseases  in  infancy y  which  naturally 
centres  in  the  question  of  the  existence  and  nature  of  the  so-called 

"ANiEMIA  INFANTUM  PSEUDOLEUKiEMICA." 

Von  Jaksch's '  description  of  this  disease  (which  he  was  the  first 
to  recognize)  includes  the  following  elements ; 

1.  Gi-ave  anaemia — e.g.,  820,000  red  cells  per  cubic  millimetre 
in  one  cjtse. 

2.  Extensive  leucocytosis — e.g.,  54,6G0  white  cells  per  cubic  mil- 
limetre, in  the  same  case. 

3.  Great  variations  in  the  form,  size,  and  staining  of  the  white 
cells. 

4.  Deformed,  degenerated,  and  nucleated  red  cells. 

This  description  was  given  by  v.  Jaksch '  in  1889.  He  stated 
the  relation  of  white  to  red  corpuscles  as  1 :  12,  1 :  17,  and  1 :  20  in 
the  cases  seen  by  him.  Later  he  reported  three  cases  in  one  of 
which  the  white  cells  numbered  114,150  and  the  red  1,380,000. 

The  differential  counts  are  not  carefully  given. 

Almost  at  the  same  time  Hayeni  *  reported  a  similar  case,  and 
noted  the  abundance  of  nucleated  red  corpuscles  many  of  which 
were  undergoing  mitosis.  This  was  verified  by  Luzet,*  who  re- 
ported two  cases  in  May,  1891  {Arch.  gen.  de  Med.);  but  although 
Luzet  continues  to  use  the  name  suggested  by  v.  Jaksch,  he  de- 
scribes the  disease  so  differently  that  it  is  difficult  to  see  why  the 
same  title  should  be  given  to  it.  He  agrees  with  v.  Jaksch  in 
thinking  that  it  is  not  simply  a  severe  secondary  anaemia  due  to 
syphilis,  rickets,  tuberculosis,  or  infectious  disease. 

Somewhat  similar  cases  had  already  been  described  by  various 

»Weil  and  Clerc  (Rev.  Mens.  d.  Mai.  a  rEnfance,  No.  xxi.,  1902)  have 
put  together  a  number  of  cases  from  their  own  and  others*  experience,  show- 
ing that  splenic  enlargement  and  myelocytes  in  the  blood  are  of  frequent 
occurrence  in  the  anjemias  of  infancy.  They  attempt  quite  unsuccessfully  to 
build  up  from  these  data  a  new  clinical  entity. 

»  Von  Jaksch:  Wien.  klin.  Woch.,  1889,  Nos.  22,  23. 

^Hayem:  Gaz.  des  Ilopitaux,  1889,  No.  30. 

*  Luzet:  Diss.,  Paris,  1891. 
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Italian  writers  (<r.y.,  Fede)  under  tbe  tiile  of  "  Imfttlirt  ^emU 
Anemia  of  InfanU."  Bagiosky,'  SeuatoT,*Fiscbl,'  Andeoud,'  Uoott 
and  Berggrttn,'  FelaeDibal,'  Rauduitz,'  £|i«tein,*  Alt  and  Weiss,' 
Hock  and  Sclilesingter, "  Crocq,"  and  Botch,"  have  wriiten  upon  tbe 
subject,  and  hardly  any  tno  have  described  the  same  set  of  facts  or 
agreed  as  to  the  menniag  of  the  term. 

The  chief  imiwrtauce  of  the  heterogeneous  group  of  cases  which 
have  receivejl  the  uauie  of  amrmia  infantum  ptetuioUuteiemien  seenu 
to  me  to  be  as  a  proof  of  the  difficulty  of  diatiugiiishiug  tbe  rarious 
blood  diseases  in  infancy.  Aiuniig  tlie  cases  reported  under  thU 
name  are  some  which  might  l>e  any  one  of  the  following  list :  Per- 
nicious aniemia,  secondary  ansmia  with  leucocytosis,  Ho«lgkiti's 
disease,  lymphatic  leukiemia,  and  probably  splenic- mj'elogenous 
leukaemia. 

(u)  Rotch  and  Ladd  "  have  reported  a  case  occurring  in  an  in- 
fant ten  months  old  in  which  the  hhwd  bad  all  the  characteristiGs  of 
pernicious  ansemia  as  seen  in  adults,  except  that  tbe  color  index  wag 
never  high.  1  examined  the  blood  and  predicted  the  baby  would 
die.  It  rapidly  recovered  and  has  now  been  well  for  two  years.  I 
know  of  no  case  precisely  similar.  Slost  of  the  few  reported  cases 
of  pernicious  aiuemia  in  infancy  have  shown  moderate  leucocytosis 
(as  compared  with  adult  blood),  a  fact  which  deprives  us  of  one  of 
the  means  of  distinguishing  the  disease  from  secondary  amemia. 
The  reports  as  to  nucleated  corpuscles  very  rarely  separate  uormo 
blasts  from  megalohlasts,  and  we  have  no  way,  therefore,  of  Iwing 
sure  on  this  important  point  The  high  color  index  and  large  di- 
ameter of  the  red  cells  are  occasionally  seen  in  other  aniemias  of 
infancy  and  are  not  always  present  in  pernicious  cases.  The  great 
fatality  of  nil  kinds  of  auieinia  in  infancy  prevents  our  calling  a 
case  periiieiotis  l)eea;ise  of  a  fatal  tenninatiou.     Enlargements  of  the 

'  Bftginsky:  Arch.  f.  Kinderlidlk.,  1893,  vol.  xiii. 

'Senator:  Berlin,  kiln.  WocL.,  1B93,  'Fischl:  Zee.  tit. 

'  AndeouH :  Rev.  m&l.  lie  la  Suisse  roni. ,  1804,  p.  HO'. 

'  Monti  and  BorggrOn:  Tjx.  Ht.  ■  FdBentba) :  Im.  «•(, 

■Itudultr.:  Prag.  med.  Wocb.,  18W,  p.  6. 

•Kpfllein:  Pmg.  med.  Wocb..  18M,  p.  6. 

•Alt  and  Weiss:  Cenlralbl.  1.  med.  Wissenschsfl,  1809. 

'"  Ilock  and  Scblesfnger:  Loe.  rit. 

"Crocq:  -  fetude  BUT  I'Adenic,"  etc.,  Brussels,  1819  (LamarUn). 

"liolch:  Pfedialrics,  189B,  p-  861. 

"Hotchaud  Ladd;  ricdiatrics,  Sepleml>cr,  1901 
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Kver  and  spleen  occur  in  many  cases  of  each  type  of  infantile  ause- 
|inia,  and  occasionally  in  pernieioua  anemia  of  adults  They  do  not, 
therefore,  exclude  pernicious  anaemia  in  infancy. 

Bearing  these  facts  in  mind,  it  is  evident  that  some  of  Luzel's 

cases  of  "antemia  infantum  pseudiileuktemica"  may  Iiave  been  pei- 

nicious  auEeinia.     Von  Jaksch's  own  cases  may  have  been  eithei'  {a) 

Hodgkin's  disease  with  leucocytosis,   {b)  grave  secondary  anfeniia 

ith  leucocytosis  (Monti  and  Itevggrtln ),  or  (c)  lewkamia. 

(/<)  Hodgkiu's  disease,  which  v.  Limbeck  finds  to  be  very  com- 
ion  in  infancy,  may  affect  the  liver  and  spleen  and  not  the  extei- 
1  lymph  glands,  and  may  k>e  accompanied  by  ansemia  and  leuco- 
tosis  such  as  v,  Jak^ch  descrilies.     Epstein  considers  that  this  is 

case,  and  hence  denies  the  existence  of  any  such  disease  as  the 

amia  infantum  pseudoleuk^mica. 

(c)  As  any  anEmia  secondary  to  rickets  or  syphilis  may  or  may 

have  enlarged  spleeu  and  liver  and  marked  leucocytosis,  we  can- 
not tell  from  v.  Jaksch's  description  that  we  are  not  dealing  in  his 
cases  with  secondary  ausemia.  The  table  on  pages  522  and  523 
from  Morse '  gives  a  fair  sample  of  cases  of  amemia  in  infancy  of 
various  degrees  of  severity,  and  shows  the  lack  of  any  interdepend- 
lielween  splenic  tumor,  the  number  of  leucocytes  of  erythro- 
cytes or  of  megaloblasts,  iind  the  prognosis, 

(</)  Since  v.  Jaksch  does  not  give  any  accurate  differential  count 
of  the  leucocytes,  there  may  have  been  large  numbers  of  myelocytes 
in  his  cases  for  all  we  know,  or  an  overwhelming  percentage  of  lym- 
,plu>cyte8,  I.*.,  either  type  of  leukfemia. 

One  of  the  cases  reported  by  Rotch  as  "aneemia  infantum  pseu- 
'doleukeemica  "  had  80  per  cent  of  lymphocytes  in  a  leucocyte  count 
of  116,500,  the  ratio  of  white  to  red  cells  being  1 :  11,  and  the  nu- 
cleated corpuscles  abundant.  The  external  lymph  glands  as  well 
as  the  liver  and  spleen  were  enlarged.  How  such  a  case  is  to  be 
disttuguished  from  lymphatic  leiiksemia  without  autopsy  I  cannot 
see.  Large  numbers  of  nucleated  corpuscles  with  mitoses  (present 
in  this  case)  are  to  he  found  in  any  ausemia  of  infancy  in  which  the 
led  cells,  as  in  this  case,  have  sunk  as  low  as  1,311,500,  and  there- 
tore  do  not  exclude  leukaemia. 

Von  Jaksch  protests  that  his  cases  are  not  secondary  to  rickets 

any  other  disease,  but  Fisclil  *  in  a  careful  study  of  all  the  pub- 
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lished  cases  finds  that  out  of  a  total  of  eigh1«eii  cases  sixteen  had 
severe  rioketa  and  two  hereditary  syphilis. 

Tiie  writings  of  Haudiiitz,  Ebsteb,  Felsenthal,  FischI,  and  v. 
Lim)>eck,  which  deny  the  separate  existence  of  the  aneemia  infan- 
tum pseudoleiikieinica,  are  convincing  to  me,  and  are  reinforced  by 
the  few  caBes  of  bad  anaamla  in  cliildreii  which  I  have  seen.  We 
intist  try  to  distribute  the  cases  of  anaemia  with  leucocytosis  aud 
large  spleen  under  pernicious  aniemia,  secondary  ausemia,  aud  leu- 
ksmia.  But  our  problem  is  not  yet  nearly  solved.  All  we  have 
gained  is  the  belief  that  v.  Jaksch's  new  disease  does  ant  help  us 
to  classify  these  doubtful  cases.  The  difficulty  is  still  very  great. 
The  following  cases,  reported  by  Dr.  Vickery  in  the  Medical  Sew* 
for  December,  1897,  illustrate  this; 

Cask  I. — A  male  child  of  sixteen  months  with  symptoms  of 
grave  ansemia,  greatly  enlarged  spleen  and  .slightly  enlarged  Urer, 
showed  the  following  figures :  Red  cells,  2,500,000;  white  celld, 
22,000.  Differential  count  of  500  cells  showeil :  Lymphocytes,  63.8 
per  cent  (46.2  of  the  smaller  type);  )K>1ymorphonuclear  cells,  29.1 
per  cent;  eosinophiles,  6.2  per  cent;  myelocytes,  10  per  cent. 

While  counting  these,  147  nucleated  red  corpuscles  were  seen, 
of  which  21  were  normoblasts,  50  megaloblasts,  and  47  microblasts; 
6  showed  mitosis  in  their  nuclei. 

The  child  died  shortly  after  without  any  complication  nr  inter- 
current disease.  No  autopsy.  No  evidence  of  rickets  or  syphilis 
or  other  previous  disease. 

Case  II. — Young  infant  with  enlarged  external  lymph  glands 
and  very  large  spleen.  July  14th,  1897— Red  cells,  4,300,000; 
white  cells,  31,000;  hemoglobin,  60  per  cent;  polymorphonuclear 
neutrnphiles,  57,5  i)er  cent;  smalt  lymphocytes,  26  per  cent;  targe 
lymphocytes,  IB  per  cent;  eosinophiles,  0.5  per  cent;  myelocytes, 
1  per  cent. 

One  or  two  nucleated  red  corpuscles  in  every  field.  Oat  of  100 
of  them  89  were  large  aud  11  small.  Many  showed  nutosis.  Polj- 
chroniatophilic  forms  numerous.  July  19  th — Seven  ten  megalo- 
blasts seen  while  comiting  1,000  wliite  cells.  Blood  is  otiieiwise 
about  the  same.     The  case  was  lost  sight  of  and  not  traced. 

Now  I  see  no  reason  for  supposing  these  cases  to  represent  * 
new  type  uf  disease,  and  yet  I  cannot  feel  perfectly  safe  in  classify- 
ing them  as  primary  auEemia,  secondary  ansmia,  or  leukemia. 

(«)  Primary  or  pernicious  anaemia  should  have  a  lower  count  of 
red  cells.  The  pei-centage  of  myelocytes  in  the  first  case  (10  per 
cent)  is  higher  than  in  any  other  case  of  pernicious  anemia  tn 
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record,  thougli  in  one  adult  case  with  autopsy  I  fouud  9.2  per  cent 
with  a  leucooytosis  of  12,500,  or  J, 150  myelocytes  per  pubic  milli- 
metre, against  2,200  per  cubic  millimetre  in  this  case. 

(i)  It  is  hard  to  call  an  ansemia  secondary  which  kills  with  no 
complications  and  when  there  is  no  evidence  of  any  disease  of  which 
t  can  be  secondary. 

(c)  For  splenic  myelogenous  leukaemia  the  total  leucocyte  count 
and  the  percentage  of  myelocytes  are  very  small  in  either  case. 
Still  the  leucocyte  count  may  drop  very  low  in  leuksemia  even  with- 
out any  inflammatory  complication.  Such  a  case  is  reported  by 
Osier,  in  which  tlie  leucocytes  fell  to  7,500,  of  which  only  300,  or 
four  per  cent,  were  myelocytes. , 

Hayem  (/oe.  eif.,  p.  864)  iu  a  ten-months-old  child  counted 
2,712,500  red  and  33,000  white  cells,  almost  the  same  figtii-es  us  in 
the  case  just  quoted..  [Hayem  unfortunately  gives  no  differential 
count,  but  apparently  ctjtisiders  the  case  leukemic  because  of  the 
enormouH  number  of  nuckated  red  cells,  many  with  mitoses.] 
Morse's  case  of  leukaemia  iu  infancy  had  2,900,000  red  and  48,000 
white  cells.  Twenty-one  and  four-tentlis  [ler  cent  of  tbe  leuco- 
cytes, or  about  10,000,  were  myelocytes.  The  same  abundance 
of  nucleated  red  cells  (sfime  with  mitoses)  were  here  present  as  in 
Hayem'scaae,  so  that  there  is  evidently  notliing  peculiar  in  their 
presence  in  the  disease  descrilred  by  v.  Jaksob,  as  Lnzet  supposed. 

These  cases  show  that  leuk»mia  may  at  certain  periods  present 
just  such  a  blooil  picture  as  was  present  in  the  above-quoted  case, 
and  that  the  number  of  leucocytes  in  the  leukaemia  of  infants  may 
he  no  greater  than  that  in  uiiy  anemia  with  the  leucocytosis  so  com- 
mon in  children.  It  seems  to  me  the  most  natural  conclusion  to  be 
deduced  from  tiiese  facts  is  that  we  meet  with  eases  iu  infancy 
vkich  are  apjjarmtlij  hifermediate  between  leuka-mia  and  pernicious 
antemla.  I  have  pointed  out  elsewhere  that  there  are  many  {loints 
of  resemblance  between  tJie  two  diseases.  The  case  of  leukiemia 
reported  by  Osier  showed  at  one  period — the  period  of  remission — 
ft  full  in  the  number  of  leuco«-yte3  and  in  the  percentage  of  myelo- 
cytes till  the  blofid  was  practically  that  of  pernicious  ansmia. 

Dr.  Roteh's  case  (above  quoted)  is  another  in  which  the  diagno- 
sis seems  to  lie  somewhere  intermediate  between  the  two  diseases, 
ausemia  aod  leuksemia.  The  case  which  I  have  quoted  above  seems 
to  me  on  the  whole  nearer  to  the  type  of  pernicious  ansemta  than  of 
leuksmia,  and  Dr.  Roteh's  nearer  to  the  latter  than  to  the  former; 
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but.  each  is  a-ally  intermedia tc,  no  fur  as  the  blood  goet,  between  the 
two  diseases.  1  liavt  no  inwuiiiiii  nf  HU^'gestiiig  thai  the  organic 
lesions  111  lliese  oases  are  intermediat*  betwtirn  leukemia  and  jh-t- 
uieious  ansmiu.     It  is  simply  llic  blooti  that  is  so. 

Biigi-rs  I'ise,  reported  in  Vircbow's  ArrUiv,  vol.  135,  nu^t-^t* 
the  same  tbing.  \\v.  uitlls  tbe  enae  one  of  " jitrudo-pemieious  aRa<- 
*Bi«."     Myelocytes  were  abundant. 

I'nlifmorp/iaiu  Condition. 

This  illutitvntfiii  that  "  polymorphons "  condition  of  the  bl 
wbioli  V,  Jaksch  supposed  to  hf.  ehai-acteristic  ut  tlie  auaBUiia  iiifa»-' 
tiini  psr^uiioleukiemica.  The  saiue  tbing  was  very  marknl  in  all  tin- 
bad  cases  of  anauuiu  which  I  buv<*  seen,  iucUvdlug  tbe  ease  above 
iiieutioued,  and  a  case  of  tmc  leuksBUiia  in  u  girl  of  eight.  Ttie  im- 
pression un«  gets  from  the  tielil  of  a  stained  8i)ecimen  is  that  no  iico 
white  corpvHfilei  are  aliki:  Every  species  is  subdivided  into  sevci'al 
Hub-variotios  and  nil  stages  of  degeneration  are  to  be  seen  in  each 
variety.  But  this  is  clmracteriatio  of  any  very  severe  Infantile  aiue- 
inia  »nd  not  of  any  single  ^pe. 

LEUKEMIA. 

In  Morse's  careful  article  of  August,  1894  (Boetoti  Me<l.  nnrf 
Surg,  i/oitrna/j,  twenty  cases  of  It-ukeeruia  in  infaiiuj  are  collected. 
As  he  rightly  saya,  pi-ftbably  most  of  tbe.se  cases  were  not  genuine. 
Oidy  one  of  them  includes  a  differential  count,  and  this  is  in  a  lym- 
phatic case.  Morse's  case  \yas  at  that  time  the  only  one  of  the 
splenic-myelogenous  type  on  record  in  which  the  diagnosis  is  made 
reasonably  certain  by  a  color  analysis.  Fiscbl  in  1892  said  that 
there  was  no  case  on  rec<nd  with  a  differential  count. 

A  ease  was  seen  in  1890  by  Dr.  F.  C.  Shattuck,  which  was  ap- 
parently acute,  the  symptoms  appearing  only  six  weeks  before 
death,  ('over-glass  preparations  examined  by  W.  S.  Thayershowed 
a  ratio  of  alwut  1  white  to  20  red  cells.  The  differential  count' 
showed:  Small  lymphocytes,  97.9  per  cent;  large  lymphocytes, 
0.7  percent;  poly  nnc  leu  r  cells,  1.4  per  cent;  eosinophiles,  0.08  per 
cenl. 

The  other  ease  reported  by  Morse  lius  l>een  mentioned  above. 

Charon  and  Giratea'  have  recently  reported  a  case  in  a  child  of 

'  Kcportcd  by  Tlwyer  in  tlie  BosIod  Medical  and  Surgical  Journal.  1893, 
vol.  cxxviii.,  p.  183. 

'Bull.  d.  Soc.  Roy.  d.  Sciences  Mikl,,  etc.,  Bruxelles,  1897,  No.  7. 
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eight  with  880,000  red  cells,  305,000  white  cells,  and  39  per  cent 
of  haemoglobin.  It  was  apparently  of  the  myelocyte  type.  E. 
Muller  thinks  tliat  there  are  about  live  other  (German)  cases  on 
record,  all  of  acute  leukaemia  and  all  with  a  similar  blood  count, 
though  in  some  the  large  lymphocytes  (without  neutrophilic  gran- 
ules) have  been  descril)ed  as  "myelocytes." 

Muller*  has  reported  with  great  care  three  cases  of  leukaemia, 
all  of  them  in  boys  four  years  old — all  apparently  acute  and  of  the 
gastro-intestinal  type — i.e.,  the  glands  and  follicles  throughout  the 
whole  length  of  the  alimentary  tract  being  the  chief  seats  of  intil- 
t ration,  though  the  liver  and  spleen  were  also  enlarged.  The  counts 
were  as  follows ; 


Cabm  L 

CasbIL 

April 

aoth. 

May  1st 

May  ad. 

May  ad. 

CiMM  m. 

Red  cells 

1,506.000 
100.200 
40% 

1,884,000 
9S,800 

•  •  •  • 

i,m?.ooo 

46,000 

•  •  •  • 

i,»e,ooo 

6,800 
Death. 

2,aaooo 

iJ06.000 

1,808,000 

White  cells. 

480,000 

HsE^moelobiD ......... 

Polymorphonuc  tear 

neatrophlles 

Small  Ijmpbocytes).. 
Laret  lymphocytes . . 
EonnoDhiles 

»% 

86%  (S-10 II  diameter). 

Many. 
Ftew. 
Few. 
Many.    > 

1 

y% 

B4% 

•  •  •  • 

.7 
8. 

97.3 
.01 

Few. 

Two  normo- 
blasts seen  in 
counting 
1,135       1  e  u  • 
oocytes. 

Seven   seen  in 

Fi 

BW. 

counting  1,118 
leucocytes. 

Since  these  reports  a  considerable  number  of  cases  of  lymphatic 
leukaemia  in  infancy  have  been  published— some  of  them  acute  and 
not  differing  markedly  from  those  which  occur  in  adults  Myelofjo- 
nous  or  mixed-cell  leukaemia  appears  to  be  rate  in  infancy.  Only 
a  few  cases  are  on  record  so  far  as  I  am  aware. 

»  Jahrbuch  far  Kinderheilk.,  1896,  vol.  xliii. 
*  All  with  large  pale  nuclei. 


PART  VU. 

EXAMINATION  OF  THE  SEBUM. 


CHAPTER   XV. 


Is  a  summary  of  recent  literature  on  serum  reactions — a  sura- 
iiiiry  which  is  a  model  of  concise  atid  lucid  statement — Sailer' 
las  distinguished  fourteen  types  of  serum  reaction,  under  each  of 


wliieh  numerous  snh-types  t 
follows: 

1.  lieactioDs  Ivtwern  the 
mitro-4trgitai»m*  iimduclug 
infection  sniJ  the  serum  "f 

llip  intecltd  sirijJKt  [f.i/..  be- 
tween lyplmiii  iJHfilli  and 
typUoiil  serum). 

2,  ReactloDB  liptween  tbe 

leil  corputeUi  of  gome  ani- 
luul  tkDd  Ilie  scrum  of  aa 
auimal  protecle<l  specifically 
against  tliem  (naturally  or 
artificially). 


L  lie  recognized.     Sailer'3  list  is 


"I 


I.  AgglutiUHtiou  (Widul's  reaction. 

a.  SotuIlOD  or  Ij/n*  (Pfelffer's  plinioraeoOD). 

8.  Formation  of  long  ekclns  of  lAnglcd  la- 


4.  Formation  of  a  predpltate  in  gprm  free, 

ftltc-red  cultures  on  addition  of  tlie  cor- 
ri'spoDdinf  serum. 

■1.  Agglutioatton  (clumping). 

5.  Solution  (bKmolysis). 

7.  Formation  of  a  precipitate  when  tlie  ien 
of  tbe  two  animals  (tlie  attaching  aiMl 
the  attacked)  arc  mixed. 


8,    Reactions  between   the  ") 
unnnid  Kriim  of  viiriousani-   y    8.   Agglutination  (clumping). 
iiialD  and  different  species  of  i     9,  Solution  (lysis). 
mio-a^'i-gani/m,.  J 

4,    IteactiuDs  l>etH'een  the  ]  10.  Solution  (autolysis,  isolysis,  and  hetero- 

luirmal  or  jmOiiilofficiil  »erum   I  lysis), 

of  some  animal  and  the  red   \  11.  Agglutination     (rouleaux     formation   is 

wrjiiiMfAl  of  Ihesameorsome   I  probably  a  variety  of  auto-aggluttna- 

other  animal.                            I  lion), 

'  Sailer:  Univ.  of  Penn.  Med.  Bull..  August  to  September,  1903 
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5.  Reactions  lietween  some 
species  of  body  cell  (liver 
cells,  leucocytes,  spermato- 
zoa, etc.)  and  the  sera  of 
aDimals  immunized  against 
that  cell. 

6.  Reactions  between  red 
cells  and  bacterial  cultures. 


12.  Agglutination. 

18.  Solution  (hepatolysis,  leucolysis,  sperma- 
tolysis,  etc.). 


!»■ 


Solution. 


To  these  might  be  added  the  reactions  between  cellular  prod- 
ucts, such  as  milk  or  egg  albumen,  and  the  serum  of  an  animal 
"immunized"  against  them  (i.e.,  previously  injected  with  milk  or 
egg  albumen). 

Any  attempt  to  discuss  these  topics  (which  are  I  think  the  most 
vitally  interesting  and  important  in  medicine  to-day)  would  lead  far 
beyond  the  limits  of  this  book.  But  it  is  well,  I  think,  to  note  that 
the  particular  types  of  serum  reaction  which  we  use  in  diagnosis 
to-day  (the  first  two  of  the  above  list)  have  their  place  among  a 
number  of  other  types  of  serum  reactions,  any  of  which  may  in  the 
near  future  become  of  value  in  clinical  diagnosis. 

THE  WIDAL  REACTION  IN  TYPHOID  FEVER. 
General  Description. 

Although  the  phenomenon  of  agglutination  is  to  be  obtained  in 
various  infections,  natural  as  well  as  experimental,  and  with  vari- 
ous cells  and  body  fluids,  I  shall  describe  as  a  typical  case  of  it  the 
reaction  which  may  take  place  when  the  serum  of  a  patient  ill  with 
typhoid  fever  is  added  in  certain  proportions  (vide  infra)  to  a  young 
bouillon  culture  of  well-certified  and  virulent  typhoid  bacilli.  In  a 
drop  of  such  a  mixture,  examined  between  slide  and  cover  glass ' 
with  a  magnification  of  300  diameters  or  more,  we  notice  at  once  or 
within  thirty  minutes  a  marked  slowing  of  the  progressive  move- 
ments of  the  bacilli  or  an  unequal  distribution  of  them  in  the  differ- 
ent parts  of  the  preparation.  Whichever  of  these  changes  occur 
first,  the  slowing  of  locomotion  or  the  tendency  to  grouping,  the 
other  soon  follows,  and  then  both  processes  go  on  together,  as  ad- 
mirably described  by  Biggs  and  Park : ' 

*  Hanging-drop  preparations  are  often  recommended,  but  a  simple  slide 
and  cover  glacs  are  as  good  for  the  purposes  of  this  reaction. 

*  American  Journal  of  the  Medical  Sciences,  March,  1897. 
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". Some  of  tlie  bacilli  soon  cease  all  progn.'ssive  movement,  and 
it  witl  be  eeeu  tliat  ibey  iire  gatlieiiiig  tngetlter  iu  siiiall  gn:iii]>s  of 
two  or  more,  the  individual  Itacilli  Vwiug  still  Aotnewliat  separatPd 
from  each  other  Oradiially  they  close  up  the  s[iaces  between  them 
and  dumps  are  formed  According  fi  the  completeness  of  the  re- 
action, either  all  thu  kicilli  may  finally  liecume  clumped  and  ini- 


r 

^M  inobolized  or  only  a  amall   portion  of   them,   the  rest  remBinitig 

^M  freely  luolile,  mid  even  thosfi  clumped  may  appear  to  be  stniggling 

^H  for  freedom.     With  blood  containing  a  Inrge  itnionut  of  the  agglau- 

^M  uating  substances  all  gi-adations  in  the  intensity  of  tlic  reaction  majr 

^M  be  observed,  from  thosi;  shown  in  a  nmrkcd  and  iminediatfi  reaciioii 

^H  to  those  appearing  in  a  late  and  indefinite  one,  by  simply  varying 

^m  the  proportion  of  blood  added  to  the  culture  fluid  "  Cswj  Kigs.  47, 48, 

^M  and  49). 
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The  groups  or  clumps  above  described  constitute  the  iraportaut 
part  of  the  reaction  for  diagnostic  purposes  Of  the  loss  of  motility 
more  will  be  said  lat^r. 

Technique  of  the  Clump  Reaction  in  Typhoid  Fever. 

Our  account  of  the  methods  of  obtaining  the  clump  reaction  may 
be  divided  into  the  following  parts : 

1.  The  body  fluids  to  be  used  and  the  methods  of  obtaining 
them. 

2.  The  cultures. 

3.  Dilution  and  the  time  limit. 

1.  The  l^oDY  Fluids  to  be  Used. 

Experiments  have  proved  that  the  reaction  can  be  obtained  with 
the  following  fluids : 

(a)  The  whole  blood,  fluid  or  dried. 

(b)  The  plasma  and  serum,  fluid  or  dried. 

(c)  Also  blister  fluid,  the  fluid  contents  of  normal  serous  cavi- 
ties, breast  milk,  pus,  tears,  and  other  body  fluids. 

Of  all  these  fluids,  the  blood,  or  the  serum,  fresh  or  dried  blis- 
ters are  the  only  ones  used  in  clinical  work. 

1.    Usf.'  of  the    Whole  Blood — Fluid. 

The  advantages  of  this  method  are  (a)  its  quickness,  and  Qj) 
the  small  amount  of  blood  {one  drop)  sufficient  for  the  test. 

I  have  used  this  method  in  most  of  my  cases  and  always  found 
it  satisfactory  and  convenient. 

Procedure. — Suck  up  some  Avater  with  a  medicine-dropper  and 
expel  ten  drops  of  it  into  a  watch  glass  Then  empty  and  dry  the 
dropper,  draAV  up  from  the  watch  glass  the  ten  drops  just  ex})elled, 
and  mark  with  a  file  on  the  side  of  the  dropper  the  point  up  to 
which  the  ten-drop  column  extends.  Mark  also  the  point  to  which 
one  drop  (expelled  and  then  sucked  up  again  as  before)  will  rise. 

Ten  drops  of  the  bouillon  culture  of  the  bacilli  to  be  used  are 
then  expelled  into  each  of  several  small  test  tubes,  and  one  of  these 
tubes  is  carried  to  the  bedside.  After  pricking  the  ear  as  if  for 
blood  examination  *  (see  page  7),  put  the  end  of  the  medicine-drop- 

'  Squeezing  and  milking  the  car  arc  of  no  harm  in  tliis  procedure  and  enable 
us  to  get  on  with  a  trifling  and  painless  puncture. 
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per  loto  the  blood. droji,  ami  cari>fully  dr»w  Imck  the  rubber  bulb 
(whieh  has  beeii  praribuKly  piishcil  duM-n  nvei'  tlie  glass  part  ot  the 
dropper)  until  the  blood  riseH  to  the  mark  for  one  drop.  Wipe  £niiii 
the  outBide  of  the  dropper  any  Mootl  that  may  adhere  there  and 
then  expel  the  drop  intu  ouo  of  the  little  test  tubes  containing  tl» 
ten  droi»  of  boaiUon  oiill.ure.  In  this  wny  blood  can  be  tak^  fbr 
ezAmination  from  a  dozen  patients  in  as  many  minutes. 

2.    WhoU  Blooit— Dried. 

The  adTsntagea  of  the  method  are  (o)  ibe  ease  and  qoiekneH 
with  whioh  the  blood  can  be  obtained,  (A)  the  (xmrenienoe  for  trans- 
pntation  by  mail,  and  (c)  that  it  doei  not  deteriorate  or  beoome 
oontaniinated  by  bacterial  growth,  as  apeoimena  of  fluid  blood  ot 
semtn  are  bo  apt  to  do.  Ita  clamping  power  ia  fnlly  equal  to  that 
of  the  senim  in  moit  eaatt.^ 

Pneedure. — The  blood  shoald  be  dried  either-npoa  a  glaaa  slide 
or  on  a  pieoe  of  glaaed  paper  or  oard.  Any  absoriieot  snbstanoe  ia 
less  available.  Olass  is  easier  to  sterilize  than  paper.  Sereral 
large  drops  should  be  placed  in  difEerent  parts  of  the  glass  or  paper 
and  thoroughly  dried. 

If  paper  has  been  used,  we  cut  out  tlie  dried  blood  drop  with  a 
piiir  of  scissors,  keeping  close  to  the  blood  all  round,  and  drop  it 
into  a  test  tube  containing  one  or  two  drops  of  water,  in  which 
with  some  sharp-pointed  instrument  we  mix  the  dried  blood,  free- 
ing it  as  well  as  possible  from  the  paper. 

To  t)ie  liquid  so  obtained  add  eight  or  nine  drops  of  the  bouil- 
lon culture  of  bacilli  and  proceed  in  the  ordinary  way.  Or  we  may 
drop  the  fragment  of  paper  holding  the  blood  directly  into  ten  drops 
of  bouillon  culture — using  the  bouillon  itself  to  soak  oft  the  blood 
from  the  paper,' 

<  Wiilal  and  Delepine  think  tbe  fluid  serum  is  Blight1]r  mora  powerful  Ibu 
the  ilriiil  blood.  Jobuson  admits  tiiat  in  one-tCDth  of  the  cases  the  serum  is 
tlic  more  powerful.  I  lisvc  obtained  reHctions  with  the  dried  blood  in  onlj 
seven -eighths  of  the  cases  to  wliich  I  got  them  with  the  fluid  serum. 

*  Some  observers  gatlier  tlie  blood  on  a  bit  of  tiDfoii  and  later  crack  It  off. 
and  after  welgliing  it  can  malic  exact  dilutions.  Or  we  may  soak  blood  into 
bits  of  Alter  paper  of  standard  size  and  poroiitj  and  thus  acquire  a  known 
amount  as  a  basis  for  exact  dilutions. 
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The  Fluid  Serum, 

The  ear  is  pricked  in  the  ordinary  way  and  about  twenty  drops 
are  forced  out  by  strong  squeezing.  The  blood  is  received  in  a 
small  (preferably  two-inch)  test  tube. 

The  blood  when  collected  may  be  at  once  centrifugalized,  and 
the  plasma  used  for  the  t^st,  or  we  may  wait  till  clotting  occurs  and 
use  the  serum.  When  blood  is  collected  in  test  tubes,  it  is  conve- 
nient to  free  the  edges  of  the  clot  from  the  tube  all  round  with  some 
sharp  instrument,  so  that  the  serum  may  not  be  pinned  down  under- 
neath the  clot,  as  it  often  is.  If  this  is  done,  a  drop  of  serum  can 
be  had  within  two  or  three  minutes,  and  is  then  mixed  with  ten 
drops  of  bouillon  culture,  as  above  described,  and  examined  at  once 
between  slide  and  cover  glass. 

(Dried  serum  can  be  used  in  the  same  way  as  dried  blood,  but 
has  no  special  advantages  and  has  not  been  frequently  employed  by 
any  observer.) 

2.  Thk  Cultures  of  Typhoid  Bacilli  to  be  Used, 

1.  Tlie  stock  cultures  grow  best  on  agar  at  room  temperature. 

2.  Ordinary  pei)tone  bouillon,  free  from  sediment,  is  the  best 
medium  for  the  test  culture.  It  should  be  just  on  the  verge  of  lit- 
mus acidity,  giving  no  blue  to  the  red  paper  and  requiring  3  5  per 
cent  of  normal  alkali  to  render  it  neutral  to  phenolphthalein. 

3.  The  cultures  should  be  young — that  is,  the  transplantation  to 
bouillon  should  have  taken  place  not  more  than  from  twelve  to 
twenty -four  hours  before  the  culture  is  used. 

4.  The  virulence  and  motility  of  the  culture  are  very  important. 
Most  observers  agree  that  the  more  virulent  the  culture  the  more 
readily  and  characteristically  it  is  clumped  by  typhoid  serum. 
Biggs  and  Park  noticed  that  one  culture  of  peculiarly  great  virulence 
recently  received  from  Pfeiffer  of  Berlin  worked  much  better  in 
their  cases  than  any  other  of  the  cultures  used. 

Cultures  fresh  from  an  autopsy  usually  show /wrioi/j?  motility, 
the  bacilli  darting  about  like  a  swarm  of  insects,  but  after  repeated 
transplantations  and  long  sojourn  in  the  thermostat  a  good  deal  ol* 
this  motility  is  gradually  lost.  Cultures  kept  at  room  temj^erature 
preserve  tJieir  motility  for  much  lotifjer  ])eriods. 

For  those  who  have  no  opportunity  to  test  the  virulence  of  or- 
ganisms on  animals,  the  motility  is  the  l)est  guide  to  virulence,  and 
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the  rule  should  be :  Among  the  toMilable  etUttim  aelset  tkat  JianMj 
the  mott  rapid  motility. 

4.  Certain  caltutes  contain  small  dumps  of  bscilli  brfore  axjr 
terum  has  been  added  to  them.  This  is  s  vatj  impwtant  pant  and 
has  doubtless  misled  many.  In  ooDsequenee  of  tliifl  poasilnlity 
every  culture  must  be  examined  each  time  that  a  test  is  made. 

It  is  hardly  neoessary  to  say  that  t^  eoltnres  osed  most  hate 
been  submitted  to  all  the  regular  tests  for  the  reoognitioti  of  the 
typhoid  baoillua,  and  that  the  greatest  eare  moat  be  used  to  aroid 
their  contamination. 

The  Use  o/  AtipenMOfu  or  BmuhtoHM  of  'Ae  BavUli  imtead  of 
Culturet. 

A  few  obserrers — particularly  Durham  and  Grttbec — have  pie- 
ferred  to  use  a  mixture  of  small  bits  of  solid  agar  culture  and  bouil- 
lon instead  of  bouillon  cultures.  The  majority  of  miters  prefei 
cultures. 

l%e  Vie  of  Attenuated  CuUuree. 

Johnson  found  that  with  hia  methods  of  technique  (dried  blood 
oud  no  definite  dilution)  pseudo- reactions  were  not  uucomnion  with 
the  blood  of  healthy  people. 

He  avoids  this  by  using  attenuated  cultures — i.e.,  old  stock  agar 
cultures  kept  at  room  temperature  ami  not  tiaiisplanted  more  than 
ouee  a  month,  from  which  he  planted  liis  bouillon  cultures.  This 
gives  a  bacillus  of  reduced  virulence  and  slow,  gliding  motion,  which 
is  clumped  far  less  readily  than  the  virulent  varieties,  Honillon 
cultures  of  this  kind  from  twelve  to  twenty-four  lioura  old  he  found 
to  react  in  fifteeu  minutes  witli  all  typhoid  sera  and  not  with  other 
sera  even  after  forty-eight  hours'  waiting. 

3,    DjLl'TIoy    AND    TIIK  TiME   LiMIT. 

1,   DUution. 

T  have  mentioned  without  explanation  in  various  parts  of  this 
chnptei'  that  the  blood  scmni  or  other  fluids  used  must  be  diluted 
with  at  least  ten  times  their  volume  of  bouillon  culture  before  auy 
observation  is  made  as  to  their  action  on  the  bacilli  of  typhoid  fever. 
The  reasons  for  this  dilntioii  and  for  the  proportions  1 :  10  are 
the  following: 
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It  has  been  found,  as  mentioned  above,  that  the  mere  formation 
of  clumps  in  bouillon  cultures  of  Ebertlfs  bacilli  is  not  a  power  ex- 
clusively possessed  by  typhoid  serum.  The  serum  of  persons  suffer- 
ing from  other  diseases  and  even  of  healthy  persons  will  form 
clumps  exactly  like  those  formed  by  typhoid  bacilli,  provided  if  is 
not  diluted.  The  only  known  peculiarity  of  the  typhoid  serum  is 
that  its  clumping  power  is  greater  than  that  of  other  diseases,  and 
persists  in  spite  of  dilution,  while  the  sera  of  diseases  other  than 
typhoid  lose  their  power  to  clump  typhoid  bacilli  when  diluted  ten 
times  or  more. 

2.    Time  Limit, 

Hut  even  this  statement  must  be  further  limited.  The  sera  of 
various  other  diseases,  and  of  healthy  persons,  will  sometimes 
clump  typhoid  bacilli  even  in  a  1 :  10  dilutio?i,  provided  we  give  them 
time  enough.  We  must  therefore  limit  the  period  within  which  a 
serum  must  "come  up  to  the  scratch  "  and  do  its  work,  if  it  is  to  be 
considered  a  typhoid  serum. 

Following  GrUber  and  Durham,  a  time  limit  of  one-half  hour 
has  been  adopted  by  GrUnbaum,  l^lock,  Haedke,  Park,  and  others, 
but  later  research  convinces  me  that  a  tifteen-minute  time  limit  is 
safer. 

All  that  these  more  or  less  arbitrary  figures  stand  for  is  this : 
that  hitherto  no  one  has  reported  any  considerable  number  of  cases  in 
which  the  serum  of  any  disease  or  of  healthy  persofis  has  clumped  ty- 
phoid bacilli  within  fifteen  minutes,  when  diluted  1 :  10  and  icsed  with 
unimpeachable  teclinifjue. 

Microscopical  Examination, 

An  artificial  light  is  preferable.  The  use  of  hanging-drop  prepa- 
rations is  unnecessary,  as  a  simple  slide  with  a  cover  glass  is  satis- 
factory. A  hanging-drop  cell  may  be  extemporized  by  cementing 
with  marine  glue  a  small  brass  curtain  ring  to  a  slide,  and  inverting 
the  cover  glass  within  it,  as  advised  by  Stokes. 

I  have  collected  over  8,000  cases  of  supposed  typhoid  fever  in 
which  the  clump  reaction  was  tested  as  al)ove  described  either  with 
the  fluid  or  dried  blood.  Of  these,  95  per  cent  showed  a  serum  re- 
action at  some  time  in  their  course;  2,500  odd  controls  showed 
about  2  per  cent  of  positive  results  in  eases  other  than  typhoid. 
Altogether  then  about  10,500  cases  have  been  tested.     If  we  leave 
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out  t.lie  reports  of  those  whose  ex[ierieuce  covers  less  thaii  100  ci 
we  have  left  i/SHQ  cases  observed  by  18  physicians  iii  which 
percentage  of  error  is  £  per  cent  only. 

A  C  Abbott'  reports  On  11,825  cases  with  if  not  over  five  per 
cent  between  the  laboratory  and  the  clinical  diagnosis.  He  lUHm 
dried  Idood. 

Now  early  does  the  reiutwn  appear?  Few  of  the  many  observ- 
ers who  have  written  on  this  point  have  discussed  how  the  begin- 
ning of  the  disease  is  settled  and  what  they  mean,  e.if.,  by  the 
"  fifth  day  of  the  disease."  Jt  might  be  dated  from  the  first  day 
of  malaise  and  indisposition,  from  the  nose-bleed  or  the  begiuniui; 
of  headache,  or  from  the  tijue  of  going  to  bed. 

Allowing  for  ttach  nezioud   uii«ectaiiil)i«d  ««   thi^,    wti  Bad  «!■*( 

while  the  majority  of  observera  reaord  the  sixth  to  eighth  day  as 
the  euliest  oil  which  the  reaotion  appears,  there  are  qaite  a  nomber 
of  oases  mentioned  in  which  it  was  seen  on  the  fourth  or  fifth  day; 
a  few  record  reacticHU  present  on  the  third  day,  and  two  or  three 
on  the  second  day. 

How  late  in  the  dieeaee  doee  the  reaetion  but  ?  The  majority  of 
obeervations  agree  that  in  mild  cases  the  reaction  may  die  oat  even 
befoi'e  the  end  of  the  fever.  On  the  other  hand,  the  reaction  usu- 
ally lasts  several  months,  and  Widal  found  it  still  present  after 
one  year  in  thi-ee  out  of  twenty-two  cases  in  which  he  tried  it. 
These  three  subjects  had  had  very  severe  cases  of  typhoid  three, 
seven,  and  nine  yeara  previously.  It  has  been  rejiorted  preseut 
twenty  and  even  thirty  years  after  the  fever. 

The  reaction  almost  always  persists  in  relapses,  even  to  a  second 
or  third  relapse,  and  occasionally  it  is  present  onbj  in  relapse  and 
not  in  the  original  attack  at  all.  Biggs  and  Park  record  a  case  in 
which  the  diagnosis  was  proved  during  the  original  attack  by  punc- 
ture of  the  spleen,  which  showed  a  pure  culture  of  Eberth's  bacilli, 
yet  no  serum  reaction  was  present  until  the  second  day  of  the  re- 
lapse. I  have  observed  several  similar  cases,  and  quite  frequently 
not  found  the  reaction  until  convalescence.  The  failure  to  follow 
up  such  cases  as  these  accounts  for  many  negative  reports. 

The  Intenaitij  of  Reaction. 
Widal  and  Sieard  record  clumping  with  a  dilution  of  1: 12,000 
and  1: 1,800  and  consider  that  in  the  active  stages  of  the  disease 
'  Abbott:  Phil.  Hfalth  Board  Rep.,  1899,  1900.  1001. 
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a  dilution  of  1:  60  or  1:  80  does  not  usually  present  the  reaction, 
while  in  convalescence  the  power  of  the  serum  falls  off  gradually 
and  is  not  always  present  even  at  1 :  10. 

Biggs  and  Park  find  one-half  their  typhoid  cases  furnish  semm 
with  the  power  to  clump  in  1 ;  40  dilution  by  the  end  of  the  first 
week,  and  have  occasionally  noted  the  reaction  even  with  a  dilution 
of  1 :  200. 

Control  Cases. 

Out  of  over  three  thousand  cases  of  various  diseases  not  typhoid, 
not  over  a  dozen  have  been  proved  to  clump  typhoid  bacilli  with 
proper  technique.  It  is  quite  pos3ible  that  further  improvements 
in  technique  may  enable  us  to  prevent  even  this  very  small  error. 

Summary  of   Clinical  Evidence  on  the  Sero- Diagnosis  of  Tyjyhoid 

Fever. 

The  blood  of  over  ninety-five  per  cent  of  all  cases  of  typhoid 
shows  a  clumping  power  in  some  part  of  their  course,  but  in  at  least 
half  the  cases  this  does  not  appear  until  the  second  week  of  the  dis- 
ease, while  in  a  small  number  of  cases  it  first  appears  in  relapse  or 
convalescence.  The  clumping  power  may  disappear  before  the  de- 
fervescence and  may  be  present  only  eight  days  in  all;  as  a  rule  it 
persists  from  the  sixth  or  eighth  day  until  convalescence  is  estab- 
lished. 

In  diseases  other  than  typhoid  a  clump  reaction  is  very  rarely 
to  be  obtained,  provided  a  dilution  of  at  least  1: 10  is  used  with  a 
time  limit  of  one-half  hour.  There  is  no  one  disease  in  which 
clumping  is  especially  apt  to  occur. 

Clinically  the  reaction  is  of  considerable  value,  especially  when 
the  diagnosis  is  in  doubt  after  the  first  week  of  the  disease. 

Sero-Diaonosis  of  Diseases  Other  thax  Typhoid. 

1.    Cholera. 

GrUber  and  Durham  first  showed  that  human  cholera  serum 
would  clump  cholera  vibrios,  following  the  researches  of  Pfeiffer  in 
vivo  by  demonstrating  a  similar  reaction  in  vitro. 

Achard  and  Bensaude  have  applied  this  to  the  actual  diagnosis 
of  cholera  in  man  with  considerable  success.  In  fourteen  cases, 
thirteen  clumped  readily;  two  of  these  were  on  the  first  day  of  the 
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disease.  Thirty  control  cases  were  negatiTe.  The  preeenoe  of  tibe 
pellicle  renders  it  unsafe  to  use  bouilhm  coltores  except  such  as 
have  no  pellicle,  for  bits  of  it  are  much  like  txue  damps.  Suspen- 
sions of  twenty-hoar  gelatin  caltares  are  more  conraiient.  The 
dilation  and  time  limit  are  the  same  as  in  typhoid.  Some  cases 
will  react  even  in  1 :  120  dilation.  The  reactkm  can  be  performed 
with  dried  blood  and  persists  into  omivalesoence  (seven  months  or 
more). 

2.  Malta  Fever. 

Wright  and  Smith  tested  the  semm  of  fifteen  cases  of  Malta  fever 
with  the  mierocoeeus  nielUetma  of  Bruce,  and  found  a  strong  clump 
reaction  to  occur  (1 :  50  in  most  cases).  On  the  typhoid  bacillus  the 
serum  of  these  cases  had  no  action.  Sixteen  cases  of  typhoid 
showed  no  reaction  with  Bruce's  organism.  The  evidence  in  &vor 
of  this  organism  as  the  cause  of  Malta  fever  is  strengthened  bj 
these  facts.  Wright's  observations  have  been  confirmed  by  Neosser 
and  others  in  this  country. 

Curry '  reports  his  experience  in  twenty-six  cases.  He  used  sus- 
pension of  dead  cocci  from  seven-day  agar  cultures  in  normal  salt 
solution.  One  drop  of  the  suspected  blood  was  mixed  with  thirty  of 
normal  salt  solution,  and  this  mixture  was  combined  with  an  equal 
bulk  of  the  suspension  of  cocci  and  left  to  stand  in  tubes  7.5  cm. 
long  and  3  or  4  mm.  in  diameter,  the  lower  end  being  drawn  out 
to  a  fine  point.  Sedimentation  occurs  in  positive  cases  within 
twenty-four  liours.     The  negative  cases  remain  turbid  for  days. 

8.    The  Bubonic  Plaf/ue. 

Zabolotny '  studied  forty  cases  at  Bombay  in  April,  1897,  and 
found  the  reaction  absent  in  the  first  week,  present  in  1 :  10  dilution 
in  tlie  second  week,  and  in  1 :  50  dilution  in  the  third  or  fourth  week. 
He  noted  that  the  action  of  the  infected  serum  seemed  to  deprive 
the  bacilli  of  their  capsules.  In  an  editorial  in  the  Arch,  Busses  de 
Pathologle,  May  .Slst,  1897,  it  is  stated  that  the  reaction  increases 
in  intensity  until  the  fourth  week  of  the  disease  and  then  declines; 
also  that  it  is  most  marked  in  the  severest  cases.  Feindel  {loc,  cit.) 
states  that  in  the  acute  pneumonic  cases  the  reaction  is  absent. 

'  Jour,  of  Med.  Research,  July,  1901. 
«  Deut.  med.  Woeh.,  1897,  p.  892. 
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The  serum  reaction  is  not  often  of  practical  value  in  the  diagno- 
sis of  plague,  because  it  is  rather  late  in  appearing,  and  because  the 
diagnosis  can  usually  l)e  made  earlier  by  the  microscopical  and  cul- 
tural tests  of  blood  withdrawn  dried  from  a  bulb. 

TUBERCULOSIS. 
(See  above,  page  288.) 

DYSENTERY. 

The  bacillus  originally  discovered  by  Shiga,  though  identical  in 
most  respects  with  that  isolated  at  Manilla  by  Flexner,  is  not  the 
same  in  its  agglutinative  reactions,  and  neither  of  these  strains 
agrees  with  the  organism  obtained  by  Bassett  and  Duval  *  in  respect 
to  this  reaction.  Further  than  this  Park'  has  shown  that  normal 
serum  is  capable  of  agglutinating  l)oth  the  "Manilla"  and  the 
"Shiga"  strains  in  considerable  dilution,  while,  on  the  other  hand, 
Park  has  isolated  a  bacillus  morphologically  close  to  the  colon  group, 
but  with  agglutinative  reactions  like  those  of  the  "Shiga"  strain. 
A  good  deal  more  work  will  have  to  be  done  l)efore  the  agglutination 
test  for  the  organism  or  organisms  of  acute  dysentery  are  put  upon 
a  satisfactory  basis  for  general  clinical  work. 

'  Bassett  and  Duval:  Am.  Med.,  1902,  vol.  iv.,  p.  417. 
*Park:  Am.  Assn.  of  Pathol,  Washington,  May  12th,  1903. 
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they  contain  Ehrlich 's  latest  utterances.  The  work  is  out  of  date  in  some  re- 
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matter  Indksted  by  the  title  and  rautains  noai-eount  of  blood  tedinique,  awl 
onlj  thlt^  pkgi^  »u  the  nonnnl  anatomy  and  physiology  of  the  blood,  whiln 
two  hundred  and  seventy  concern  the  Mood  In  dlst^ase.  The  arruugenient  of 
the  book  I*  Very  deur  iin<l  helpful.  The  autltor's  niiiin  inlrn^ta  arc  In  the 
wrtmaHonof  the  dried  residue  of  the  blood  in  various  diseased  condllioiw and 
In  the  bactetjojoicy  of  the  blood,  so  that  the  book  Is  specially  full  on  ihov 
toplca.    The  Illustrations  are  poor.    Type  and  paper  nro  excellent. 

7.  Colea:  "The  Blood:  How  to  Examine  It,"  etc.,  London.  1h»N(J.  andA. 
Chunilll),  8vr),  A  clear  and  fairly  complete  accouut  of  the  work  df  c)tln-« 
upon  the  subject.    Especially  fall  on  technique. 

These  are  the  best  text-booka  known  to  me  on  the  whole  subject 
Taylor's  masterly  muiiugraph,  entitled  "  Studies  in  Leukiemia  "  and 
forming  part  of  the  volume  of  "  Contributions  from  the  William 
Pepiier  Laboratory  of  Clinical  Medicine"  (Philadelphia,  1900), 
contains  within  its  one  liuiidred  and  seventy-eight  quarto  pages  not 
merely  an  unrivalled  account  of  leukasmia  but  a  great  deal  of  iui- 
]jortant  matter  on  leucoeytosis,  anaemia,  and  most  other  hfemato- 
logical  to]»ics.  It  is  by  far  the  l)e9t  study  of  leukaemia  known  to 
me  iu  any  language. 

Treatiaes  on  Special  Fortiona  of  the  Bubject. 

1.  Reinert'a-DieZflhlungrterBlutkOrpcrcbeu, "Leipzig,  1881  (Vogel).2« 
pages,  is  an  Hiluiiruble  aci'ount  of  the  avoidable  and  unavoidable  envrs  in 
blood  examination,  and  the  best  methods  of  reducing  error  to  a  minimum.  A 
number  of  careful  examinations  of  the  blood  in  health  and  in  various  diseases 
arc  also  given ;  and  an  outline  of  the  scope  of  blofxl  diagnosis  closes  the  bodL 

2.  Turk's  nionogmph  on  the  "Condition  of  the  Blood  iu  Acute  Infectioiu 
Disease  "  is  an  atlmirable  resume  of  Qernian  and  flench  litemturc  on  the  sub- 
ject, together  with  a  detailed  study  of  flfty-two  cases.  Published  at  Wiea 
and  Leipzig,  1808  (BrauniQller),  347  pages,  8vo. 
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8.  Rieder's  "Beitrftge  zur  Eenntniss  der  Leukocytosis,"  Leipzig.  1892 
(Vogel),  220  pages,  is  an  admirable  work  in  all  respects,  although  now  consid- 
erably out  of  date.  It  shows,  as  very  few  of  the  foregoing  treatises  do,  a 
practical  acquaintance,  on  the  author's  part,  with  the  details  of  blood  mor- 
phology and  microchemistry.  A  very  large  number  of  blood  counts  in  many 
diseases  are  recorded. 

4.  LOwitt's  "  Studien  zur  Physiol,  und  Pathol,  des  Blutes  u.  der  Ly mphe  " 
(Jena,  1892  [Fisher] ,  8vo,  188  pages)  is  mostly  concerned  with  experiments  on 
animals  and  intended  to  throw  light  on  the  theory  of  leucocytosis.  The  con- 
clusions of  the  book  have  not  been  generally  adopted,  though  its  facts  have 
been  mostly  verified. 

5.  Thayer  and  Hewetson's  book,  on  the  ''Malarial  Fevers  of  Baltimore," 
leaves  nothing  more  to  be  desired  in  that  direction.  It  is  two  hundred  and 
fifteen  pages  long,  published  by  the  Johns  Hopkins  press  of  Baltimore  in  1895. 
It  contains  a  summary  of  the  literature  of  the  subject,  an  analysis  of  six  hun- 
dred and  sixteen  new  cases,  and  some  admirable  colored  plates.  It  is  a  model 
of  its  kind  in  every  respect,  and  an  ideal  for  others  to  aim  for.  Essentially 
the  same  material  is  reorganized  in  Thayer's  "  Lectures  on  the  Malarial  Fevers," 
New  York,  1899,  Appleton. 

6.  Ehrlich's  "  Farbenanalytische  Untersuchungen  "  (Berlin,  1891  [Hirsch- 
wald],  137  pages)  contains  nine  short  essays  by  Ehrlich  and  three  by  his  pu- 
pils. Considering  the  reputation  of  the  writer  they  are  at  the  present  day 
rather  disappointing  reading,  and  contain  little  that  is  not  better  expressed 
elsewhere. 

7.  Weiss's  ''Hsematologische  Untersuchungen"  (Wien,  1896  [Prochaska] 
112  pages,  8vo)  contains  many  valuable  studies  on  various  points. 


[I 


'• 


INDEX. 


Abscess,  204.  245,  256,  260-267 

diagnostic  value  of  blood  in,  249 

felon,  265 

gum  boiK  265 

of  liver,  B48 

of  lung,  266 

of  neck.  265 

of  ovary,  265 

of  parotid,  265 

of  vulva.  265 

pelvic,  260 

perinephritic,  265 

psoas,  265 

subpectoral,  265 

subphrenic,  267 

vaginal,  265 
Actinoni3'C()sis,  271 
Acute  yellow  atrophy  of  liver,  889 
Addison's  disease,  398 
Adenitis,  172,  806 
Alcoholism,  417 
Alkalinity  of  blood,  47 
Altitude,  effects  on  blood,  74 
Amceboid  movements,  51 
Anaemia,  76 

aplastic,  146 

infantum  pseudoleuksemica,  519 

of  infancy,  518 

pernicious,  128 

primary.  76 

secondary  or  symptomatic,  78, 86 

splenic,  182 

tropical,  76 

with  dilated  stomach,  825 

with  ulcer  of  stomach,  817 
Anesthesia,  258,  408 
Aneurism,  360 
Ankylostomiasis,  490 
Antitoxin  (diphtheria),  210,  212 
Appendicitis.  245 

diagnosis  of,  248,  252,  259 
Arthritis,  399 
Asthma,  375 

Bacterioi.ooy  of  the  blood,  45 

in  pneumonia,  187 
Basedow's  disease,  896 
Beri-beri,  273 
35 


Bilharzia  disease.  486 
Bleeders,  8 

Blood  destruction.  405 
Bone,  diseases  of,  899 
Brain,  diseases  of,  888 
Bronchitis,  204,  878 

acute,  874 

chronic,  875 
Bronchopneumonia.  195,  204,  221 
Brownian  movement,  11,  58,  79 
Bubonic  plague,  271,  588 
Burns,  influence  on  blood,  407 

Caisson  disease,  886 
Cancer,  428^58 

eosiDophiles  in,  451 

generalized,  445 

leucocytes  in,  484-452 

myelocytes  in,  452 

nucleated  red  cells  in,  427 

of  abdominal  organs,  445 

of  breast,  480,  482.  448 

of  gullet,  481.  489 

of  intestine,  448 

of  kidney,  446 

of  lip,  448 

of  liver.  845,  440 

of  mediastinum,  449 

of  neck,  449 

of  omentum,  446 

of  ovary,  448 

of  pancreas,  449 

of  prostate,  448 

of  skull.  450 

of  stomach,  480.  488 

of  stomach,  digestion  leucocyte 
sis  in,  486 

of  uterus,  480.  447 

of  vertebne,  449 

position  of  tumor  and  its  influ- 
ence, 429 

qualitative  changes  in  blood,  427 

qualitative  changes  in  leucocytes, 
450 

regeneration  of  blood  in,  425 
Cathartics,  influence  on  blood,  826 
Cerebral  hemorrhage.  885 
Cerebral  tumor,  88& 
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CUiarcolLcydcn  crystals.  IH-i 

Electric  sLock.  432                                 ^| 

CUlorusiB.  147 

Eiectrlcily.  i-ffect  on  blood.  4T             ■ 

llluml  |iUU-H  ill,  108 

Einphyaenm.  879                                ^H 

Bix^ciirtlilis,  S4«                               H 

UlaKuoMH  or.  lOS 

M)8iiic)|iLil«B  iu,  1G9 

EnduKlobular  ciianHs.  79                  ^M 

lympliocjU*  In,  16a 
myelocyte  in.  168 

Enteritis.  327                                            ^ 

Eosinopliiles.  61,  107,  187,  101,  SOS 

neuiropUUes  tii.  IS3 
nd  cells  in,  148 

Eosiuojihilia  after  niUix-ulIo.  298 

specific  grnilty.  1«I 

rtfsguoslic  value  of.  m 

voluiiiaof  bltwiiiu,  148 

in  Hciite  and  clirouic  sliin  dUaeasw, 

while- i-<'lle  ill.  ISS 

108.506 

CiioWn.i«,  na» 

in  anliylostDinisais,  106.  480.  «PG 

Cli(ilHiii{lti4.  343 

in  asUmiii.  ST! 

Cliul«yslilis.  204.  84a 

in  cnncer.  109.  431                           h 

L'h»li-litliiii8i8,  aio 

in  fibrinous  pneumonia,  187          ^1 

CLoIm,  331 

In  iDematoniH.  109                         H 

HCldilyof  binudln.  281 

in  he1n.intlii>isiH,  106.  486-S04       ■ 

leruni  rwiciion  iu.  087 

iu  purpura.  lOfl                                H 

Cborea  38T 

InKarinlina,  317                              ■ 

arrjicials  of  livt^r,  833 

In  triclduusiB,  IDS,  496                    ■ 

Coagulntion  in  jniimlicf,  48 
to  pernicious  kmi'iniH.  4B 

mediHiml.  100                                   ■ 

pbyaiologicfll.  108                             ■ 

iu  piirpiiru.  40 
of  iiluod.  07 

P')9t-f<.'bri1>^,  IDS                                ■ 

Epil<-pHy.  m»                                            ■ 
Erjfipeloa,  232                                         H 

Cold,  Ptl«:l«  "f.  W 

afiiceoiratlou  of  blood.  <M,  Tl 

Erytlii'ma  ixxloxuni.  209.  50«               ■ 

Conjuncliviilfc  EU4 

Ooimiitiitlonnl  cltM'jwM,  891 

OouvuMouB.  eSett  ot.  mO 

Fbtbb.  inHiicnt*  of.  186,  197 

Curpuscli^s.  liioDcavity,  SO 

Fibrin.  52,  IU,  188 

i.-reiiHiir>n,  5(1 

FiliiriMsis.  474 

number  of,  54 

red.  fffpcia  ot  fatigue  on,  56 

TeBUldnce.  47 

wliil«.  56,  60 
Counting  corpusclcB,  12-34 

corpusclt;s  (diBereutial),  44 
Crelinisui.  396 
Cyaoosis,  190 
CysticercuH.  443 
Cystitis,  305 

Deueneration  of  corpuscles.  SO,  189 

Dengue.  272 

Diabttes,  391 

Diarrlia'a.  8.  828.  518 

Digestion  leucocylosis  in  cancer,  438 

Digestive  organs,  diseases  of,  816 

Diphtheria,  210 

Diatom um  liiemutobium.  480 

Distribution  of  blood,  68 

Duubam's  lifeniocyComeler.  33 

Duodenal  ulcer.  831 

DyHcntery,  200.  837.  504,  SS9 

Dyspepsia,  328 

EcHiNococcCB  cyst,  887 


Fractures.  400 
Frambceein,  487 
FuruDCulosis.  308 

Oai.i.-htone  colic,  2S0.  841 

Gall  atones.  840 

Gas  poisoning.  413 

Gastric  ulcer,  810 

Gastritis,  acute  and  cbnmic.  i 

corrosive,  836 

dieestlon  leucocytoaia  in,  1 

in  Infancy.  G13 

with  hyperacidity.  825 
Gastro- enteritis.  828 
Oeneral  paralysis,  388 
Glanders,  370 
Oonorrhcra,  267 
Gout,  808 

Goners'  solution.  13 
Graves'  disease.  896 
Grippe,  386 

H«MATOClllT,  28 

Hemoglobin,  80.  118 
Hfemoglohlnnmla,  406.  478 
Hiemogloblnonieters,  S0-S5 
Htemolysis.  406 
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Hicmophilia.  405 

Hay  em's  solution.  25 

Heart,  congenital  disease  of,  855 

diseases  of,  846-860 
Heat  exhaustion.  421 
Hemorrhage,  116,  201 

blood  regeneration  after,  116 

chronic,  119 
Herpes  zoster,  506 
HcMlgkin's  disease,  175,  521 
Hydatid.  837 
Hydnemia.  86 
Hydronephrosis,  378. 
Hydrophobia.  272 
Hypochondriasis,  889 
Hysteria,  889 

Illuminating  gas,  poisoning  by,  418 
Infancy,  ant^mias  of,  518 

blood  in.  510-527 

chlorosis  in,  514 

hereditary  syphilis  in,  515 

leucocytosis  in,  514 

leukaemia  in,  526 

lymphocytosis  in,  512 

polycythnemia  in,  518 

rickets  in,  515 
Influenza,  286 

Intestinal  parasites,  488,  502 
Intestine,  disease  of,  826 

obstruction  of,  329 
lodophilia.  42.  255 
Isotonic  coeftlcient,  47 

jArNDK'E.  catarrhal.  830 

coagulation  in,  381 
Justus  reaction  in  syphilis,  310 

Kidneys,  diseases  of,  860 
pyonephrosis,  878 
urannia,  869 

Lead  poisoning.  419 
Leprosy,  818 
Leucocytes,  60,  291 

degeuenited.  66 

eosinophilic  (see  Eosinophiles),  61 

in  abscess,  245 

in  smallpox.  221 

iodine  reaction  in,  42,  255 

mononuclear  neutrophilic,  46,  65 

normal  percentages  of,  63 

origin  of,  62 

polymorphonuclear.  60 

"stnnulation  forms,"  66 

transitional  neutrophiles.  66 
Leucocytosis,  absence  of,  104 

after    exercise,     massage,     and 
baths.  94 

cell  changes  in,  102 


Leucocytosis,  definition,  88 

diagnostic  value  of.  97 

diurnal,  90 

exnerimental,  101 

inflammatory,  97 

in  malignant  disease,  100 

in  new-born  infants,  92 

in  pneumonia.  189 

in  pregnancy,  92 

pathological,  96 

physiological,  90 

posthemorrhagic,  96 

postpartum,  98 

terminal,  96 

therapeutic,  101 

toxic.  100 
Leucopenia,  104 
Leukaemia,  155-174,  526 

in  infancy,  526 

remissions  in.  166,  173 
Liptemia,  115 
Liver  absc^ess,  843 

cirrhosis  of,  882 
Lung,  diseases  of,  878 
Lymphiemia,  166 
Lymphatic  leukaemia,  166 
Lymphocytes,  61 
Lymphocytosis.  105 

in  hen»ditary  syphilis.  106 

in  infancy.  512 

in  pertussis,  106,  221 

in  splenic  tumors,  106 

in  thyroidism,  106 

Macrocvtes.  85,  129 

Malaria,  462-478 

and  typhoid,  208,  472 
pamsites  of,  462 
pigmented  parasites,  464 
segmenting  parasites,  467 

Malta  fever,  269,  538 

Mast  cells.  62,  165 

Measles,  218 

Megaloblasts.  83,  132.  134 

Melana?mia,  116 

Meningitis,  209,  284.  803 
tuberculous,  803 

Mental  diseases,  390 

Methjemoglobinamiia.  408 

Microblasts,  83 

Microcytes.  79 

Mailer's  blood  dust,  58 

Mumps,  220 

MyelocyU's.  64.  111.  161,  1X9.  223.  452 

Myeloid  leuktemia.  156 

Mvxo'dema,  394 

Naucosis,  efFect  on  bloo<l.  253 
Necrobiosis  of  red  cells.  78 
Nephritis.  361 
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NcrhroUilifMBis,  1171 

Notvoub  e.vWi'n>.  (liscaew  ..f.  i»*]-«»l 

h\  carboikacld.  41T 

Ncumsilu-utii.  iwa 

liy  nirlHiuic  o\i<lc.  413 

Kcurirls.  881 

Uv  ciiioml.  4ie 

Newton'a  ringB.  in 

l>'v  r.irrrw1ve  aiitiUmaU'.  4I» 

KoniiobluBiB,  BS,  157,  ISB 

bj  >-tln.T.  a58.  4(»* 

Niiclmt.'.i  rwl  ■-■i-lls,  83.  186.  427 

bv  Iciul,  410 

Obk§itv,  801 

bv  mi-iturv,  417 

0)>stnK't)<iii  (itiii'stlnKl).  839 

by  .>nimii,  41.1 

Olivcr-a  limtr.i.n.-nM.  flfi,  83 

Oslponulaciu.  -lUO 

OBtfoinj-iUilii.  aflfl 

by  piomains.  417 

Otitis  mnik.  2«3 

I'VpyrognlHcndti,  412 

by  snake  venom,  4U6 

PaNcukah.  iliwNscs  rif,  845 

by  lausy,  413 

nmisiU's.   uiiiiniil,    disi'itsrs    liiii'    to. 

4T4,  Wi 

Pnlycylhwinw,  70 

a[ATlu\.  474 

Pn^gUHUcy.  92 

!nt(»tiuul,  488.  rm 

Purr prriu III.  li-'iicocytt^g  lu,  08 

mnlarlal.  4(iS 

Purpi.rn,  403 

FkrolUlt,  330,  304 

Pu8  tube.  2U0 

PnrUirilif.ii.  Moo.!  on  iiiia  uftcr,  B3 

PcrWrdltis.  204.  iMS 

R*BIEs,  372 

IlllRTtllil.llS,  300 

pMimiiiis,  201 

Heliipsing  fever,  274   481 

[•iTilciiiliK,  'JSii 

Rheiimfltisni,  224 

i.c1vi.-,  'JfWi 

RU'kt^ts,  401 

Inlx-rrtiUML^.  301 

Rlitbeln.  219 

PrnildouB  .iiiHiLii.!.  123 

RoiilciiiiJi  formntion,  49 

(imi'iuiii.  tliHL'ii«>.i)">l'.  NO 

ansmlH,     gniBs     appearance    of 

Sabcoma,  «2 

blooii,  138 

nniemia,  liitinoj^lobin  in,  138 

anitmU  iu  iiifunry,  S20 

aD«mia,  niicli-at«(i  v&i  cellR  in, 
133 

Antemia.  iirognosia  in,  143 

ananiiii,  nil  cells  In.  134-13S 

nniDHiiu,  reniisHloiiB  in.  138 

antemia.  white  cells  in.  185 

malariii  (sw  Malaria) 
PcrtuaBls.  10ft,  230 
Pliospiiorus  poisoning.  8S9 
PkthUia,  201 

Pipettes,  use  and  care  of.  18 
Plague,  bubonic,  271.  688 
Platelets.  51,  57 
Pletiiora   70 
PIcuriay,  purulent,  278 

seivtus.  275 

tuberculous,  30« 
PIuDibism,  41Q 
Pneumonia.  187.204 

l>actcri<ilogy  of  blood,  187 

broncho-.  195 
Pnikllocylonls.  78 
Poisoning,  by  antipyretics.  410-412 

by  Breenic.  417 


Scarlatina,  215 

Scurvy.  404 

Septicirmla,  337 

Serous  niembmneB,  diseases  of,  275 

Serum  diBgnoala.  528 

diagnosis  of  bubonic  plague,  53£ 
diagnosis  of  cliolera.  -'i37 


dingiiosls  of  typhoid,  539 
Skin,  diseases  of,  508-509 
Slides,  preparation  of,  0.  41 
Smallpix,  221 
Snake  poison,  406 
Solids  of  the  blood,  48 
Spccillc  gravity  of  blood,  87 
Splenecloniy.  161 
Splenic  anfemia.  182 

extract.  174 

myeloid  leukiemia  (see    Leuka 

Spotted  fever.  485 

Staining  blood  films,  41-44 

Strongyloides  intestinalia.  S03 

Sulfocatinn  by  smoke.  410 

Sunstroke.  421 

Surgical  diseases,  blood  in,  258 
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Surgical,  kidney,  871 
Syphilis,  308,  879 

T^NiA.  504 

Tetanus,  272 

Tetany,  887 

Tlioma-Zeiss'  instruments,  18,  15 

Thrombosis,  203 

Thyroid  extract,  effecU  of,  894 

Toisson's  solution,  13 

Tonsillitis.  284 

Toxicity  of  blood,  188 

Trichinosis,  497 

Tricocephalus.  504 

Trypanosomiasis,  487 

Tuberculosis,  288-8(9 

acute  miliary,  297 

fibrin  in.  289 

glandular,  306 

leucocytes  in,  291 

of  bone,  294 

of  meninges,  803 


Tuberculosis,  of  pericardium,  306 

of  peritoneum,  301 
Typhoid  fever,  196 

fever,  serum  reaction  in,  529 
Typhus,  269 

Uncinariasis,  490 
Ursemia,  869 
Urethritis,  204,  267 
Uric  acid  in  blood.  393 

Vaccination.  221 
Vaccinia,  221 
Varicella,  223 
Variola.  221 

Whooping -COUGH,  106,  220 

Yellow  fever,  268 

Zappert's  counting-chamber,  21 
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